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The goal of this study was to determine whether parasites represent a threat to the 
continued existence of the Yellow-Eyed Penguin, Megadyptes antipodes. The population 
of this rare penguin has suffered from two severe mass-mortalities in the past decade, 
resulting in the deaths of a significant proportion of breeding adults, and consequently 
their chicks. One of the suspected agents of these mortalities is avian malaria 
(Plasmodium spp.), which is a major cause of death in captive penguin populations. 
In this study, I examined blood samples drawn from penguins on Boulder Beach, on the 
Otago Peninsula. Blood smears were examined for the presence ofhaematozoa, and 
ELISAs were performed to detect antibodies to Plasmodium spp. There was no evidence 
of blood parasites on any examined smears, but 169 of the 171 samples tested were sero-
positive for anti-Plasmodium antibodies according to the ELISA technique used in this 
study. 
PCR analysis indicated that avian malaria was present in the Yellow-Eyed Penguin 
population, but was unable to identify the agent responsible beyond the genus. Initial 
investigation suggests a species of Plasmodium other than P. relictum is involved. 
All birds sampled were in good health, suggesting that even if these birds have been 
exposed to avian malaria, it does not cause significant harm. Avian malaria may be 
sustained in the penguin population at a sub-clinical level, resulting in birds which carry 




In addition to blood samples, faecal samples were taken from live birds at the same time. 
These indicated that twelve of the sixty-five birds examined were infected with the 
coccidian Eimeria sp. Nematode eggs of Contracaecum sp. were also recovered in the 
faecal sample of one of these birds. There was no evidence to suggest that these parasites 
harm their hosts in a measurable manner. 
Twenty adult Yellow-Eyed Penguins were dissected in order to determine what helminth 
parasites were present in these birds. One species of nematode and one species of 
acanthocephalan were recovered. These were respectively identified as Contracaecum 
eudyptes and Corynosoma hannae. The majority of the penguins dissected were infected 
with one or both of these parasites. Again, there was no evidence that these parasites 
result in significant harm to their hosts, only one bird showing signs of inflammation as a 
result of a heavy nematode infection. 
Ectoparasites were rarely recovered from these birds. Lice (Austrogonioides conci) were 
recovered from one live bird in the course of the study. No mites or fleas were detected 
on any penguin examined in this study. 
The parasites of the Yellow-Eyed Penguin recovered in this study did not appear to inflict 
measurable harm on their hosts, but their potential impact cannot be ignored, especially 
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Chapter One: Introduction 
1.1 The Yellow-Eyed Penguin 
There are seventeen species of penguin worldwide, eight of which are found on 
mainland New Zealand or one of its sub-Antarctic islands (Reilly 1994). One of these 
species is the Yellow-Eyed Penguin or Hoiho (Megadyptes antipodes), whose 
breeding range is limited to the south-east coast of the South Island, Stewart Island, 
and the Auckland and Campbell Islands (Moore 1992; Richdale 1957). This species 
is the fourth-largest penguin, with a length ofup to 76cm and usually weighing about 
five or six kilograms. They are long-lived, able to survive to just over twenty years, 
and are capable of breeding from the age of two years (Richdale 1957). Breeding is 
an annual event with two eggs laid in September/October (Richdale 1957). Unlike 
other penguin species, successful breeding requires nests to be out of view of those of 
other pairs, with nests often sited in dense vegetation up to 1km inland (Darby & 
Seddon 1990; Seddon & Davis 1989). 
The Yellow-Eyed Penguin is generally considered to be the world's rarest penguin. 
Its population has been in decline for decades due to the threats of predation by 
introduced mammals and habitat loss (DoC 1989), although periodic food shortages 
also appear to play a role (Richdale 1957; van Heezik 1990). In recent years the 
Yellow-Eyed Penguin has been the focus of much effort and research seeking to 
understand the biology of this bird, with a view towards how this decline might be 
halted and even reversed. These efforts were hampered in the summer of 1989-90 by 
a significant mortality event involving the mainland population of Yellow-Eyed 
Penguins (Gill & Darby 1993). 
.)-
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1.2 Shipwreck - A Mass Mortality Event 
The Ornithological Society of New Zealand has carried out beach patrols along the 
majority of New Zealand's coastline for many years. The monthly rate of penguin 
carcasses recovered during these patrols can vary widely due to the occurrence of 
mass mortality events (Powlesland 1984), also known as 'wrecks' or 'shipwrecks'. In 
the case of the Little Blue Penguin (Eudyptula minor), these deaths have been due to a 
combination of poor nutritional status, significant parasite burdens and poor weather 
(Crockett & Keams 1975; Powlesland 1984). 
In the summer of 1989-90, a mass mortality event involving Yellow-Eyed Penguins 
occurred, resulting in the deaths of some 150 breeding penguins from an estimated 
mainland population of240 breeding pairs (Gill & Darby 1993). While more than 
99% of chicks were lost following the deaths of their parents (J. Darby, pers. comm.), 
non-breeding birds present at the time appeared unaffected. This fact led researchers 
to hypothesise that a shortage of the preferred prey species at a time of high 
nutritional need led breeding birds to ingest a toxic prey species (Gill & Darby 1993). 
Autopsies carried out at the time failed to find any consistent pathology and a range of 
pathogens and toxins were unsuccessfully tested for. The lack of significant 
pathological findings and the rapid deaths of the birds suggested a toxin might have 
been responsible; diatomic blooms present in the Otago region at the time represented 
a potential source of these toxins (Gill & Darby 1993). 
In recent history there have been a number of similar mortalities in both wild and 
captive penguin species. These mortalities have been variously ascribed to starvation 
(Boersma 1987; Crockett & Keams 1975; Obendorff & McColl 1987), oil pollution 
(Perkins 1983; Randall et al. 1980), infections ofhelminth parasites (Harrigan 1992) 
) 
> 
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and other agents such as Pasteurella multocida (de Lisle et al. 1990), aspergillosis 
(Aspergillus sp.) (Flach et al. 1990) and avian malaria (Plasmodium sp.) (Fix et al. 
1988). These possibilities were all examined and dismissed in the case of the 1989-90 
Yellow-Eyed Penguin mass mortality (Gill & Darby 1993). 
1.3 A Role for Disease? 
In 1995 attention was again focused on avian malaria as a potential cause of the 
mortality event (Graczyk et al. 1995b,c). Malaria is a relatively common disease in 
birds and in penguins is caused by two species, Plasmodium relictum and P. 
elongatum (Garnham 1966). P. elongatum has only been recorded in two penguin 
species, the African Black-Footed Penguin (Spheniscus demersus) (Fleischman et al. 
1968) and the Humboldt Penguin (S. humboldti) (Huff & Shiraishi 1962). P. relictum 
is less host-specific than P. elongatum (Garnham 1966) and has been associated with 
high mortality events in captive zoo populations in a number of species (Jones & 
Shellam 1999). Interestingly, while a major problem in captive populations both in 
the intensity and effects of infection (Cranfield et al. 1990, 1991), avian malaria has 
rarely been found in the wild, and when present appears to cause only light-intensity 
infections (Jones & Shellam 1999). 
Plasmodium has been detected in New Zealand from the start of the 201h century 
(Dore 1920a,b, 1921) and P. relictum was detected in Yellow-Eyed Penguins taken 
from Foveaux Strait in 1944 (Fantham & Porter 1944; Laird 1950). This lends some 
credence to the possibility that Plasmodium may have been behind the 1989-90 
mortality, but post-mortem examination of a number of birds at the time failed to 
show consistent pathology associated with avian malaria (Gill & Darby 1993). P. 
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avifauna, which lacked immunity to this and other diseases introduced via imported 
birds (van Riper et al. 1986; Warner 1968). 
4 
Using ELISA (Enzyme-Linked Immuno Sorbent Assay) techniques utilising antigens 
from P. falciparum, one of the species that cause malaria in humans, Graczyk et al. 
(1995b,c) determined that 80% of 108 M antipodes from mainland New Zealand and 
Codfish Island and 43% of 42 sub-Antarctic M antipodes sampled were seropositive 
for Plasmodium. The highest absorbance readings were recorded from samples 
obtained from Yellow-Eyed Penguins on the Otago Peninsula at the time of the mass 
mortality (Graczyk et al. 1995b,c). Some of the pathology in a few of the autopsied 
birds resembled avian malaria (Graczyk et al. 1995b). These findings, combined with 
the existence of environmental conditions at the time which were thought to enhance 
the population growth of local mosquitoes was considered enough evidence to 
implicate avian malaria as the cause of these deaths (Graczyk et al. 1995b). 
1.4 The Impacts of Parasites 
By definition, parasites cause harm to their hosts, and are capable of doing so in a 
wide variety of ways - for example through the absorption of host nutrients, damage 
to host tissues, or by modification of host behaviour (Edwards & Barnard 1987; 
Gulland 1995). Endemic parasites can affect the host population by reducing host 
reproduction and survival (Hudson et al. 1985, 1992a,b). Mass mortalities resulting 
from epidemics can have severe implications on wildlife populations, especially if 
they reduce numbers to a point where stochastic events may cause their extinction 
(Dye et al. 1995; Harwood & Hall 1990). Not all parasite infections are so severe, 
with the costs sometimes being as low as the energy spent maintaining parasite 
-r 
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infections at tolerable levels via an immune response, leading to the maintenance of 
'sub-clinical' infections (Roberts et al. 1995). 
5 
Mortality from disease may be underestimated if it is estimated from carcass 
recovery, due to the difficulty in recovering carcasses (Philibert et al. 1993; Scott 
1988). Estimates may also be confounded by the fact that diseased animals are more 
susceptible to predation and other causes of mortality (Hudson et al. 1992b ). Given 
these facts, it can be difficult to accurately estimate parasite distribution and the 
effects on the host. Many heavily parasitised hosts appear to be malnourished, but is 
difficult to separate cause and effect (Norman et al. 1992). Malnutrition is considered 
to be a very important contributor to secondary immunodeficiency and high 
prevalence of disease (Gershwin et al. 1985; Wakelin 1989), yet infectious diseases 
can induce malnutrition through anorexia, fever, or gastrointestinal pathology (Lloyd 
1995). The effects of this malnutrition may vary with the length and severity of the 
deficiency, parasite or host species and age, host immune status, or the level of 
challenge (Lloyd 1995). 
1.4.1 Macroparasites 
Macroparasites (helminths and ectoparasitic arthropods) are relatively large, with long 
generation times. Infections are often chronic, tending to lead to morbidity rather 
than mortality (Lloyd 1995). These parasites can therefore inflict a range of sub-
lethal as well as lethal consequences on their host (Hudson & Dobson 1995). The 
impact of parasites on host fecundity and survival is related to a number of factors, for 
example the nutritional status of the host (Keymer & Tarlton 1991). However, there 
is a wide variation in parasite burdens and mortality of hosts, even in controlled 
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suggesting parasites may be involved in the regulation of host abundance, our 
understanding of the impact of parasites on wild populations is generally poor 
(Gulland 1995). Formally demonstrating regulation of host abundance by a parasite 
has never been achieved in a wild population (Hudson & Dobson 1995). 
6 
Detecting the presence of parasites can be a difficult task, especially when care must 
be taken to preserve the life of the host, as in the case of the Yellow-Eyed Penguin. In 
this case non-invasive techniques must be used such as blood and faecal sampling. 
Using these techniques leads to a risk that some parasites will be missed (Smith et al. 
1995), as many exhibit daily and seasonal fluctuations in numbers in the hosts' 
peripheral blood supply (Stoskopf & Beier 1979) and faeces (Hawking 1975; MAFF 
1986). The aggregated distribution of macroparasites within the host population, 
where a few individuals are heavily infected and many lightly infected ( or not at all), 
means that in a small sample, hosts harbouring heavy parasite burdens may not be 
sampled (Gulland 1995; Smith et al. 1995). Aggregation of parasites within the host 
population is due to the combination of spatial variability in exposure to infection (i.e. 
to faeces or infected intermediate hosts) (Keymer & Anderson 1979) and individual 
differences in susceptibility. These arise due to differences in the genetic, 
physiological, immunological, or morphological characteristics of the host (Lloyd 
1995; Wakelin 1984). 
1.4.2 Microparasites 
Microparasites include viral, bacterial, and protozoan pathogens (Anderson & May 
1979). Many microparasites produce a sustained immunological response in infected 
vertebrate hosts. It is quite possible that infected individuals fail to show overt 
symptoms of disease, and individuals may be carriers of the disease, or even display 
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1995). Hosts which recover from these infections are often (but not always) resistant 
to further infection (Dobson & Hudson 1995; Lloyd 1995; Wakelin 1996). 
7 
Most pathogens have a defined threshold population density for their continued 
maintenance -the critical community size (Anderson & May 1991). Disease can 
occur at levels below this threshold, but pathogens are incapable of widespread 
perpetuation of infection in the host population (Dobson & Hudson 1995). Some 
pathogens can utilise a range of host species; although one species may be the 
principle reservoir of the disease, outbreaks can spread to other species. This is 
especially true for vector-borne diseases (Dobson & Hudson 1995). When the vector 
to host ratio is low, changes in the prevalence of the disease will be strongly 
dependent upon changes in vector density. Epidemics can occur when vector 
numbers increase due to environmentally favourable conditions, or in the presence of 
alternative host species that amplify vector populations (Dobson & Hudson 1995). In 
areas of high vector density, the disease may become endemic with a high level of 
prevalence. 
Microparasites can reduce the survival and fecundity of their hosts either directly 
(Schall 1983, 1990) or indirectly, by affecting host behaviour or their attractiveness to 
the opposite sex (Hamilton & Zuk 1982; Zuk 1990). A lack of data makes it 
essentially impossible to determine whether microparasites actually regulate the host 
population, or mortality caused by pathogens is compensated for by increased 
fecundity and reductions in mortalities due to predation or starvation (Scott & Dobson 
1989). 
Microparasite infections are often detected indirectly by measuring host antibody 
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response depends on the hosts' ability to develop and maintain an immune response, 
which is a function of host age, genetics, and nutritional state (Gulland 1995). A 
positive result cannot usually distinguish between previous and current infections, and 
in young animals may occur due to the transfer of maternal antibodies from mother to 
offspring (Graczyk et al. 1994b; Gulland 1995). 
Another technique that has been used for the detection of microparasites such as 
malaria is PCR (Polymerase Chain Reaction). A test has been developed capable of 
detecting all species of Plasmodium (Ayyanathan & Datta 1996), and similar 
techniques have been utilised to detect Plasmodium spp. in Hawaiian birds (Feldman 
et al. 1995; Jarvi et al. 2002; Shehata et al. 2001). This technique has the capability 
to be rapid, sensitive, and specific when developed properly, but is not without its 
weaknesses, such as the difficulty and expense of developing an accurate test 
(Morgan & Thompson 1998; Perkins & Martin 1999; Richard et al. 2002). PCR will 
only detect current infections, so it has many of the advantages of ELISA techniques 
with fewer drawbacks. There is a detection threshold however, which means PCR is 
still capable of failing to detect low-level infections (Jarvi et al. 2002). 
1.5 The Parasites of the Yellow-Eyed Penguin 
The macroparasite fauna of the Yellow-Eyed Penguin has been little studied (Ranum 
& Wharton 1996). Johnston & Mawson (1953) recovered one species of nematode, 
Contracaecum eudyptes, from Yellow-Eyed Penguins on the Auckland Islands. A 
recent study of Yellow-Eyed Penguin chicks identified three species of endoparasite, 
the coccidian protozoan Eimeria sp., the nematode Contracaecum sp. and an 
unidentified acanthocephalan (Ranum & Wharton 1996). There are two known 
species of feather lice that affect the Yellow-Eyed Penguin, Austrogoniodes concii 
\ 
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and A. cristati sensu lato (Pilgrim & Palma 1982), one species of tick, Ixodes uriae 
(Dumbleton 1953) and one species of flea, Parapsyllus longicornis (Murray et al. 
1990). 
As stated earlier, Plasmodium relictum has been identified in the Yellow-Eyed 
Penguin before (Fantham & Porter 1944), and a recent pathology report suggested 
that Plasmodium or a Plasmodium-like organism is present in the Otago Peninsula 
Yellow-Eyed Penguin population (Alley 2001). 
9 
This study is important because there has been little research on the endoparasites of 
adult Yellow-Eyed Penguins and therefore no study of their potential effects has been 
made (Ranum & Wharton 1996). The Yellow-Eyed Penguin is a difficult bird to 
effectively study because of its long lifespan and the rarity of the bird itself - any 
population study is necessarily long term in nature. The maritime nature of the bird is 
an additional problem, as many birds will die at sea and therefore be inaccessible for 
post-mortem examination. While helminth and coccidian parasites were discounted 
as agents causing the death of Yellow-Eyed Penguins in 1989-90 (Gill & Darby 
1993), it is a worthwhile exercise to determine how prevalent they are in the 
population and what impacts they impose on their hosts, if any. 
1.6 Management Issues 
The presence of an endemic infection of P. relictum in the Yellow-Eyed Penguin at 
the levels detected by Graczyk et al. (1995b,c) could represent a potential major threat 
to continued survival of the Yellow-Eyed Penguin, especially on mainland New 
Zealand. If mass mortalities occurred on a regular basis, it is hard to see how the 
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The extent of the threat avian malaria represents to the Yellow-Eyed Penguin remains 
unclear after the research performed by Gill & Darby (1993) and Graczyk et al. 
(1995b,c ). The symptoms and pathology displayed by the majority of observed 
Yellow-Eyed Penguins lost in the 1989-90 wreck did not correspond to avian malaria 
and a specific search at the time did not indicate the presence of malaria in the blood 
or tissues of deceased birds (J. Gill, pers. comm.). The high prevalence and intensity 
of reactions to Plasmodium antigens suggest that even if there was no evidence of 
clinical disease, infection with Plasmodium may be widespread in the Yellow-Eyed 
Penguin population. 
It seems important to determine whether or not avian malaria was the cause of the 
mass mortality in 1989-90 in order to be able to effectively respond to a similar event 
in the future. If avian malaria was the cause of these deaths and is still present in the 
wild population, this represents a significant risk to the Yellow-Eyed Penguin 
population. If a similar event occurs in the future, knowledge of the cause of the 
mortality is necessary for an effective response to be mounted. If malaria was not a 
factor in the past mortalities of Yellow-Eyed Penguins, then it is unlikely to be the 
cause of similar events in the future; any action undertaken at the time can focus on 
other aspects of the population and its biology. 
Assessing the impact of disease is a difficult task in the wild (Gulland 1995). Wildlife 
disease is often studied by performing pathological examinations and/or producing 
parasite lists from a small number of hosts. This information is of limited use at the 
population level, a level that is becoming more important as animal populations 
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1. 7 Aims of the Study 
In this study it is my intention to determine whether avian malaria is present, and if so 
with what prevalence and what threat it poses to adult Yellow-Eyed Penguins 
(Chapters Two and Three). I will also examine potential vectors for this disease 
(Chapter Five). A number of adult Yellow-Eyed Penguins will be examined to 
determine what ectoparasites, and helminth and coccidian parasites, are present in this 
species, and whether they appear to cause clinical disease (Chapters Two and Four). 
The goal of this study is to further elucidate the parasitological threats facing the 
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Chapter Two: Blood Smear and Faecal Analysis of 
the Yellow-Eyed Penguin 
2.1 Introduction 
Blood smears from Yellow-Eyed Penguins were examined for the presence of blood 
parasites, especially haematozoa. When possible, faecal samples were obtained from 
birds and examined for protozoan oocysts and helminth eggs using centrifugal 
concentration techniques. 
2.1.1 Lifecycle of Malaria 
12 
Mosquitoes taking a blood meal from a vertebrate infected with Plasmodium may ingest 
blood containing Plasmodium microgametocytes and macrogametocytes. These mature 
in the mosquito host, undergoing an exogenous sexual phase with multiplication known 
as sporogony (Bruce-Chwatt 1980). Following this process, which is described in more 
detail in Section 5.1.1, the mosquito is able to infect further vertebrates on which it feeds 
during the course of taking a blood meal. It may take as few as four days (Herman et al. 
1954) or as many as thirteen days (Cranfield et al. 1991) or more (Garnham 1966) for 
this process to be completed. 
Sporozoites enter the vertebrate bloodstream from infected mosquitoes taking a blood 
meal. In the tissues of the vertebrate host the parasite enters the next stage of its 
lifecycle, known as primary exoerythrocytic schizogony (Garnham 1966). Sporozoites 
entering the host bloodstream are picked up by macrophages and reticuloendothelial 
cells, within which they develop into schizonts. In P. relictum this occurs in the reticulo-
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The number of primary generations and the site and type of development may vary 
depending on the genus of both parasite and host (Garnham 1966). In avian Plasmodium, 
primary exoerythrocytic schizogony involves several stages. In the case of P. relictum, 
cryptozoic schizogony involves the production of cryptozoites within a host cell and is 
complete after about thirty-six hours. The resulting schizont is some 5-6µm in diameter. 
The schizont forms merozoites over the next twelve hours producing a variable number 
of ovoid bodies under 2µm in length. These cryptozoites invade other tissue cells upon 
release, initiating metacryptozoic schizogony. The resulting metacryptozoic schizonts 
may contain one hundred or more phanerozoites, which may either enter erythrocytes or 
continue asexual reproduction as phanerozoites in a variety of tissue sites (Garnham 
1966; Seed & Manwell 1977) . 
The schizonts break up, shedding merozoites which enter erythrocytes where they 
transform into rings, develop into trophozoites and then schizonts, presegmenters and 
segmenters. The time for this cycle to be completed is quite definite for some species, 
but not P. relictum (Seed & Manwell 1977). Avian erythrocytic merozoites may 
continue schizogony in erythrocytes, develop into male or female gametocytes or 
reinitiate asexual reproduction in the tissues as phanerozoites (Seed & Manwell 1977). 
P. relictum parasites in the red blood cell are capable of displacing the cell nucleus, 
pushing it to one side of the cell or ejecting it altogether. The parasites in the blood phase 
cause the destruction of red blood cells, but this is rarely sufficient to cause clinical 
anaemia (Cranfield et al. 1990, 1991). The bulk of the damage to hosts is caused by the 
tissue phase. Malarial parasites can remain in host tissues for many years, probably for 
the life of the host (Jarvi et al. 2001). Often the tissue stages are undetectable using 
J 
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blood smears alone, but malaria relapses may occur in the long term (Nordling et al. 
1998; Norris et al. 1994; Seed & Manwell 1977). 
2.1.2 Avian Haematozoa in Penguins 
14 
Generally birds are susceptible to a number ofhaematozoa (Leucocytozoon, Plasmodium, 
Haemoproteus) although infections are rare in marine and shore birds (Bennett et al. 
1982a,b). Studies in North America have found up to 36.9% of birds examined from 388 
species (55 families) to be infected with at least one blood parasite (Greiner et al. 1975). 
Using blood smears, prevalence of infection with Plasmodium spp. has been estimated to 
be 0.8% in populations of Asian birds (McClure et al. 1978), 4% amongst Neotropical 
birds (White et al. 1978), and 2% in British birds (Peirce 1980). 
Penguins have been diagnosed with the haematozoa Leucocytozoon tawaki (Earle et al. 
1992; Fallis et al. 1976), Plasmodium relictum (Fantham & Porter 1944; Laird 1950), 
Babesia peircei (Earle et al. 1993), Babesia sp. (Cunningham et al.1993), and 
Trypanosoma eudyptulae (Jones & Woehler 1989). All penguin species with the 
exception of the Galapagos Penguin (Spheniscus mendiculus) have been examined for 
blood parasites either in captivity or in the wild (Jones & Shellam 1999). Results indicate 
these parasites are very rare in wild penguins, with a prevalence of approximately 3.6%. 
The results of these studies consistently suggest that haematozoa rarely represent an issue 
in the wild, although the possibility of seasonal or local problems still exist (Bennett et al. 
1993; Jones & Shellam 1999; Merino et al. 2000). 
Haematozoan infections among captive penguin populations are more common and 
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the haematozoa, and is the leading cause of death among penguins in outdoor zoo 
exhibits. Half of the captive penguins die as a result of their first exposure to avian 
malaria, if not treated (Cranfield et al. 1990). 
15 
Blood smears taken from the peripheral blood supply has long been the primary form of 
diagnosis. Unfortunately by the time plasmodia are present in significant numbers in 
peripheral blood, the disease may be well-advanced (Cranfield et al. 1990). Symptoms of 
the disease include high temperature, loss of appetite, lassitude, anaemia and swelling of 
the liver and/or spleen (Cranfield et al. 1990, 1991; Seed & Manwell 1977). Another 
difficulty is that there is considerable variation in the expression of symptoms. Some 
birds die from avian malaria despite showing few, if any, parasites in the peripheral blood 
(Man well 1968) - while others survive infections where more than 40% of their 
peripheral erythrocytes are infected by Plasmodium. 
Despite these limitations, stained blood smears still provide a rapid, inexpensive form of 
detection, from which experts can readily identify the parasite species responsible. 
2.1.3 Avian Coccidia 
The coccidia are obligate intracellular protozoa of the family Eimeriidae (Davies & Ball 
1993). The family Eimeriidae contains some sixteen genera, more than 1300 named 
species, more than 1000 of which belong to the genus Eimeria and 200 or more to the 
genus Isospora (Levine 1982). More than 220 species of Eimeria and Isospora infect 
birds (Levine 1982), with the former predominating in gallinaceous birds and the latter in 
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The cocci dial genera can be differentiated on the basis of the number of sporocysts in 
each oocyst and sporozoites in each sporocyst. The oocysts of the genus Eimeria have 
four sporocysts each with two sporozoites, while the oocysts of the genus Isospora have 
two sporocysts each with four sporozoites (Levine 1973). Sporogony may be exogenous 
or endogenous or both in fish, but tends to be exogenous in birds and mammals (Davies 
& Ball 1993), with some exceptions. For example sporulated oocysts of Isospora 
papionis have been found in the tissues of the chacma baboon (Papio ursinus) 
(McConnell et al. 1971). 
Under natural conditions coccidia appear to cause little disease unless the host-parasite 
balance is upset (Fernando 1982; Davies & Ball 1993). Light infections which cause no 
visible damage is referred to as coccidiasis, while possibly severe disease caused by 
coccidial infection is known as coccidiosis (Ruff & Reid 1977). The crowded conditions 
present in most poultry operations mean that coccidiosis is a common and severe threat to 
commercial farming of poultry; for this reason much of the work on coccidia has 
stemmed from the study of Eimeria spp. infecting chickens (Levine 1982). 
Most coccidia develop in the intestinal tract, and are not only highly host-specific (Joyner 
1982), but may be highly site-specific within the host (Ruff & Reid 1977), although this 
cannot be said of fish coccidia (Davies & Ball 1993). Younger animals are generally 
assumed to be more susceptible to infection with coccidia, but this is in part because 
older birds are more likely to have been exposed to infection and possess resistance to 
further infection (Fernando 1982). A number of other factors such as the host intestinal 
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parasite species and age of the oocysts involved in the infection may affect the incidence 
and severity of disease (Ruff & Reid 1977). 
Coccidiosis often involves anorexia and a concomitant reduction in water intake as well 
as decreased digestive and absorptive capacity and increased permeability of the 
intestinal mucosa. Collectively, these symptoms lead to weight loss (Fernando 1982). 
Diarrhoea associated with plasma electrolyte changes and dehydration appears to be the 
cause of death in at least some infections (Fernando 1982), as does the haemorrhage 
caused by some species (Ruff & Reid 1977). 
These parasites usually have a direct lifecycle, with hosts being parasitised by sporulated 
oocysts in the environment. An example of this is the chicken coccidium Eimeria 
tenella, which infects the caeca (Levine 1982). Once sporulated oocysts have been 
ingested, the sporozoites emerge when exposed to bile and trypsin, enter the wall of the 
intestine and pass through the lamina propria, where they are engulfed by macrophages 
and carried to the glands ofLieberktihn in the caecum. Here they leave the macrophages, 
enter the epithelial cells of the glands and form first generation meronts, each of which 
forms some nine hundred first generation merozoites through a process of schizogony 
and merogony. 
These merozoites enter the lumen of the caecum approximately three days post-infection, 
each entering a new host cell and forming a second generation meront, which forms 200-
350 second generation merozoites about five days post-infection. Some of these enter 
new intestinal cells to form third generation meronts, which produce between four and 
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phase of the lifecycle. During the sexual phase microgametes fertilise macrogametes to 
form a zygote; a three-layered wall forms around the zygote to form the oocyst. The 
prep a tent period from the time of infection to the appearance of the first oocysts is just 
over five days in E. tenella (Levine 1982). 
18 
Oocysts are discharged for a number of days, but in the absence of reinfection, the 
infection is self-limiting (Levine 1982). Oocysts are passed in the faeces, with 
sporulation commencing upon exposure to oxygen and taking approximately two days to 
complete, depending on the temperature (Levine 1982). The length of patency of 
coccidial infection depends on the species involved, from a couple of weeks in the case of 
some lsospora spp. (Ball et al. 1989) to 230 days for I serini (Box 1977). 
2.1.4 Helminth Eggs 
As well as protozoan oocysts, helminth eggs can be recovered from host faeces. Once a 
helminth infection achieves patency, eggs are passed into the environment in the host 
faeces. Detecting helminth eggs in the faeces of an animal confirms the presence of an 
infection, but failing to find eggs does not necessarily indicate an absence of infection 
(Greiner & Ritchie 1994; MAFF 1986). 
The only helminths identified from Yellow-Eyed Penguins to date are nematodes of the 
genus Contracaecum (Johnston & Mawson 1953; Ranum & Wharton 1996) and an 
acanthocephalan, Corynosoma hannae (Chapter Four). These parasites are covered in 
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2.1.5 Aims 
This chapter aims to fulfil two main objectives. The first objective is to utilise 
microscopical techniques to detect the presence of avian malaria in adult Yellow-Eyed 
Penguin blood smears from the Otago Peninsula. The second objective is to determine 
what parasites (if any), can be detected in the faeces of living penguins from this area. 
The latter objective includes detecting the presence ofhelminth eggs released by 
helminths parasitising these birds. The potential impacts of these parasites on the host 
will be examined and discussed. 
2.2 Methods 
2.2.1 Study Site 
19 
The study was undertaken in the Highcliff A-1 section of Boulder Beach, on the Otago 
Peninsula (Figure 2.1 ). The Boulder Beach penguin breeding area has been the subject of 
a long-term study of the breeding biology and population dynamics of the Yellow-Eyed 
Penguin since 1980. The majority of birds present at this site have been banded, which 
makes it easier to identify and sex the birds, and allows us to examine relationships 
between birds, breeding success, and survival of offspring. 
'\ 
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Otago Peninsula 
Study Area 
FIGURE 2.1: Map Showing Location of Study Site 





Regular sampling trips were undertaken around dusk, with the intention of catching 
20 
penguins as they came in from foraging at sea. Upon exiting the sea, Yellow-Eyed 
Penguins flush blood through their flippers in order to rapidly lose excess heat, which 
gives the flippers a characteristic rosy flush. This is the easiest time to draw blood from 
the bird. 
Birds were caught by hand, then secured in a canvas sleeve. This sleeve had a diameter 
of approximately 280mm, and a length of 430mm. One end had an adjustable toggle, 
which could be closed behind the head of the penguin, securing it in place, while the 
other had 4 eyes through which a hook could be passed. 
-1 
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Once secured, the bird was weighed using a 10kg Persola scale. The band, located on the 
right flipper, was read, and both the weight and identity of the bird were recorded in a 
waterproof field notebook (Appendix One). 
Blood was taken from the brachial artery of the right flipper using a one-inch, 22-gauge 
needle attached to a 5ml syringe. Prior to sampling the flipper was swabbed with warm 
water, to both clean the limb and encourage blood flow along the flipper. The needle was 
slightly bent to facilitate a shallow entry parallel to the axis of the flipper. Both the 
needle and syringe were disposable, and were never reused in order to prevent cross-
contamination. Once the syringe was full, or the flow of blood into the syringe halted, 
the needle was removed from the flipper and safely disposed of. Any residual blood flow 
was staunched using cotton wool. 
One drop of blood was placed onto each of three replicate glass microscope slides. The 
remainder of the blood was transferred into labelled eppendorftubes in ice for later 
separation. Each drop of blood on the microscope slides was used to create a 'thin' blood 
smear using a spreader slide. The spreader slide was cleaned in 70% ethanol after each 
smear was performed. 
The band number of the bird, and the date the sample was collected were written on each 
slide, which was then stored in an upright container until the samples dried. This was 
done to prevent dirt from contaminating the slide, and to stop the blood running to one 
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2.2.2.2 Staining 
The staining methods used followed those of Garnham (1966). Distilled water was 
buffered using buffer tablets (Gurr, pH 7.2), and placed into a clean glass staining dish. 
5ml of Giemsa stain for each 100ml of distilled water was added. Slides were placed in 
staining racks, fixed by immersing in 100% methanol for one minute, rinsed under the 
tap, then placed face downwards in the stain for one hour. The slides were then removed, 
rinsed, and left in the rack to drain and dry. 
2.2.2.3 Examination 
One slide of each triplicate was examined using a Zeiss Axiophot Photomicroscope 
capable of magnifications ofup to lOOOx using an oil immersion lens. The amount of 
time considered necessary for a full examination varies according to different sources, so 
a minimum of 400 high power ( 400x) fields or 20 minutes was set, whichever was 
greater. Cells were examined for blood parasites using Hawkey & Dennett (1989) as a 
guide. Where further investigation appeared warranted, photos were taken using the oil 
immersion lens and microscope camera. These could then be sent away for further study 
(in conjunction with the associated slide). All slides were stored on flat cardboard slide 
trays. 
Replicates of approximately ten percent of the blood smears examined were sent to Dr 
Phil Clark (Massey University), while another fifteen percent were sent to Dr Robert 
Adlard (World Reference Centre for Avian Haematozoa) for crosschecking of my own 
findings. Any samples where likely parasites were detected were sent to Dr. Adlard for 
confirmation. 
-( 
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2.2.3 Faecal Samples 
2.2.3.1 Sampling 
23 
While birds were being bled, or were in the queue to do so, we attempted to extract a 
faecal sample from each bird. Samples were collected in a 50ml plastic screw-top 
container placed directly under the anus of the bird. If a sample was not immediately 
forthcoming, the edge of the container was used to provide anal stimulation to encourage 
defecation. Collected samples were labelled and later stored in a freezer at -20°C until 
processing occurred. 
2.2.3.2 Processing 
Each sample was weighed, then processed using a modification of the "comprehensive 
procedure for the enumeration of helminth eggs and protozoan cysts in faeces" (MAFF 
1986). This process involves the differential centrifugation of faecal samples, where 
samples are placed in salt solutions of varying densities and centrifuged. This 
concentrates parasite eggs and protozoan cysts present in the faeces. 
Each sample was weighed on a Sartorius electronic balance, and placed in a glass jar 
containing approximately 45 glass balls and 42ml distilled water. The jar was shaken to 
break up the faeces and the contents of the jar were poured through a 150µm sieve. The 
strained fluid was then poured into two 15ml centrifuge tubes, which were centrifuged in 
an IEC Model GL Clinical Centrifuge at 525g for two minutes. 
The supernatant was discarded, and the remaining pellet was resuspended in a saturated 
NaCl solution. This solution consisted of 31.7g NaCl added to 88.1ml of distilled H20 to 
produce 100ml of saturated solution. Each 15ml tube was filled until there was a convex 
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once the tube was placed in the centrifuge. After centrifuging at 525g for two minutes, 
the coverslip was removed and placed on a labelled microscope slide for examination. In 
order to make these slides semi-permanent, each edge was sealed with nail varnish. 
The supernatant was discarded from the tube and the remaining pellet was resuspended 
with saturated ZnS04 solution. This solution consisted of 54.6g of ZnS04 added to 
94.7ml of distilled H20 to create 100ml of solution. Once again, enough solution was 
added to each centrifuge tube to create a convex meniscus onto which a coverslip was 
placed. The samples were then centrifuged for two minutes at 525g. After 
centrifugation, each coverslip was placed on a labelled microscope slide and sealed with 
nail varnish . 
2.2.3.3 Examination 
All slides were examined using a Zeiss Axiophot Photomicroscope or an Olympus BH-2 
microscope with attached Olympus C-35AD-4 camera. The faecal egg counts/protozoan 
oocyst counts (FECs) of the four slides examined for each sample were summed, and the 
following formula (based on that provided in MAFF 1986) was used to find the number 
of eggs or cysts per gram of faeces: 
Eggs/Cysts per gram = FEC x (3 + weight of faeces examined) 
Samples were examined at medium power (200x), with high power (400x) used where 
identification was questionable. Photographs were taken using 50 ASA black and white 
print film or 200 ASA colour film. 
·( 
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2.2.3.4 Analysis 
Life history data of banded birds was obtained from John Darby (Otago Museum) and the 
Yellow-Eyed Penguin Database maintained by DoC; this material is presented in 
Appendix Five. This data revealed the age and reproductive success of most birds 
sampled. For the analyses performed in this chapter, breeding success was measured 
both as the number of eggs hatched and chicks successfully fledged in the year each 
sample was taken. Data was analysed using Minitab 10.5. Some birds were banded as 
adults and their actual age was unknown. It was decided to simplify this data by 
separating the age of the birds into just two categories, birds that were believed to be 
first-time breeders, and birds that had returned to breed, according to data available in the 
Yellow-Eyed Penguin database maintained by DoC (presented as Appendix Two). 
2.3 Results 
2.3.1 Blood Smears 
A total of 189 blood smears from live birds were examined for blood parasites, 
representing 83 birds, as shown in Appendix One. There were no parasites of any 
description detected by Dr. Clark, Dr. Adlard, or myself. This suggests that either there 
were no blood parasites in the birds examined, or that any such parasites are present at a 
very low level of prevalence and/or intensity. 
There were a number of artefacts that were similar in appearance to avian haematozoa, 
but in all cases these were determined to be other objects - stain that had not been 
washed away during rinsing, parts of improperly fixed red and white blood cells, bacteria, 
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FIGURE 2.2: Artefacts From Blood Smears (a) Excess Stain, (b) Improperly Fixed Blood 
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2.3.2 Faecal Samples 
A total of 103 faecal samples were taken, representing 54 of the 83 birds sampled overall. 
This information is displayed in Appendix One. The average weight of each faecal 
sample was 1.1995g (se ± 0.2418), with the smallest sample examined weighing 0.002g, 
the largest weighing 16.796g. 
2.3.2.1 Protozoan Oocysts 
Protozoan oocysts were detected in fourteen samples, representing twelve birds, with the 
average oocyst count being 223.2 (± se of 59.65) oocysts per gram of faeces examined. 
The bulk (93.8%) of the oocysts detected were from two birds: number 11984, sampled 
12/7/98, with approximately 1170 oocysts per gram of faeces; and number 15761, 
sampled 18/4/99, with approximately 1452 oocysts per gram of faeces. There was only 
one other bird with oocyst counts greater than 100 oocysts per gram of faeces, number 
13272, sampled 28/3/99. 
Fifty of these oocysts were measured resulting in a mean length of 40.22µm (se 0.78µm) 
and width of 31.25µm (se 0.83µm). Most oocysts examined were sporulated, each 
oocyst containing four sporocysts, with two sporozoites in each. The oocysts appeared to 
be translucent green under the microscope, and there was no indication of a polar plug or 
any other distinguishing features (Figure 2.3). This is consistent with the coccidian genus 
Eimeria, a common parasite of birds; each species of Eimeria is considered to be host-
specific and even tissue-specific within the host, and there are over 1000 known species 
(Long 1982). Species are often described merely on the basis of the host species and 
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FIGURE 2.3: Eimeria sp. Oocysts Recovered From Yellow-Eyed Penguin Faeces. Scale 
Bar= 50µm 
The fact that these oocysts were sporulated is unusual, as oocysts are generally passed 
from an infected host in an unsporulated state. One possible explanation for this is that 
the oocysts found actually parasitise fish preyed on by the penguins; this is a common 
cause of error in field studies (Clarke & Knowles 1993; Williams 1986). Another 
explanation is that although faecal samples were stored in a freezer at -20°C, sometimes 
samples were left in the laboratory for a few days before storage in the freezer, or 
between removal from the freezer for processing and actually processing. Processing 
tended to be done in batches, as the freezer and laboratory were located in different 
buildings. During these intervals before and after processing, sufficient time could have 
elapsed in some cases to allow oocysts to sporulate. 
The poor condition of many oocysts tends to support the former possibility, as infective 
oocysts are able to remain viable in the environment for months in normal conditions 
(Ruff & Reid 1977; Williams 1986). Oocysts can sporulate in as few as one or two days, 
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but they should not be degraded to any extent in this timeframe (Hammond 1973). The 
poor condition of the sporulated oocysts may reflect damage sustained during the passage 
of oocysts through the digestive tract of the penguin. The state of the oocysts may 
however be due to the effects of the salt solution in which they were centrifuged, which is 
capable of damaging oocysts. As samples were processed in batches it was sometimes 
several days before samples were examined, in which time the salts may have damaged 
the oocysts (MAFF 1986), causing the poor condition seen in Figure 2.3. 
None of the birds infected showed any signs of ill health; even the birds producing the 
heaviest faecal oocyst counts appeared normal, and were a healthy weight. Similarly 
there was little evidence to suggest that birds producing faecal oocysts were less able than 
uninfected birds to successfully hatch eggs or fledge chicks. Analyses were hampered by 
the fact that sufficient data was only available from ten infected birds and thirty-seven 
uninfected birds for this analysis. 
A general linear model (GLM) was calculated, with weight analysed as a covariate. The 
effects of a number of variables and their interactions on both eggs hatched and chicks 
fledged in the year the sample was taken, indicated that no single factor or interaction 
effect was significant (see Appendix Six for ANOVA tables). Removing the interaction 
effects, weight was found to be a significant factor in successful egg hatching (F1,4o = 
5.71, p = 0.022) and fledging chicks (F1,40 = 5.49, p = 0.024). There was a trend 
suggesting a negative relationship between weight and reproductive success (Appendix 
Six), so heavier birds tended to hatch fewer eggs or fledge fewer chicks. According to a 
one-way ANOVA, birds with oocysts in their faeces did weigh more, with infected birds 
averaging 5.74kg (se 0.08kg) and uninfected birds averaging 5.58kg (se 0.24kg), but this 
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difference was not statistically significant (Fi,47 = 0.6, p = 0.441). Due to the small 
sample size, it is unclear whether this represents a valid trend or is merely a statistical 
artefact. 
2.3.2.2 Helminth Eggs 
30 
There was little evidence of patent helminth infections among these birds. Only one bird 
was identified as infected with an as yet unidentified nematode, with ten eggs present in 
the sample (6.12 eggs per gram). The same bird (band number 15761) was also the most 
heavily infected with Eimeria oocysts. 
The ten helminth eggs from the infected bird were measured, and averaged 62µm (se 
1.12µm) by 51.5µm (se 0.69µm) in size, with a smooth ellipsoid egg wall (Figure 2.4). 
This is approximately the same size as an egg from Contracaecum, and may well be a 
member of that genus, although the eggs of Contracaecum tend to be more subspherical 
in shape (Anderson 2000; Greiner & Ritchie 1994; Thomas 1937). 
FIGURE 2.4: Helminth Egg, Possibly Contracaecum sp. Recovered From Yellow-Eyed 
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2.4 Discussion 
2.4.1 Blood Smears & Avian Malaria in the Yellow-Eyed Penguin 
Avian malaria is a leading cause of death amongst captive penguins (Fleischman et al. 
1968; Stoskopf & Beier 1979), but there are very few reports of it infecting wild penguins 
(Jones & Shellam 1999). There has been understandable concern following reports of 
very high immunological responses to avian malaria antigens amongst New Zealand 
penguins, suggesting that the majority of Yellow-Eyed Penguins studied had been 
exposed to high intensities of avian malaria (Graczyk et al. 1995b,c ). The findings of this 
chapter, that no haematozoan parasites were present, is a hopeful sign for the Yellow-
Eyed Penguin. 
There is always a risk that some parasites were missed, but if so, they were present at 
very low levels ofparasitemia. Avian malaria parasitemias, when they do occur, often 
involve less than 0.01 % of erythrocytes examined in penguins (Stoskopf & Beier 1979). 
In this situation, the destruction ofred blood cells would not be significant enough to 
cause clinical anaemia (Cranfield et al. 1990). Recurrent recrudescence and relapses of 
avian malaria do occur (Atkinson & van Riper 1991), probably due to infected 
erythrocytes persisting in deep vascular sites or to dormant sporozoites and pre-
erythrocytic parasites remaining in the endothelial tissues of penguins (Cranfield et al. 
1994). Blood smears are ofrelatively little use in these situations, therefore 
immunological techniques were also employed (Chapter Three). 
The lack of significant findings is not unusual in blood smears from the Pacific region -
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(Tidemann et al. 1992), as did a similar study in the Cook Islands (n = 79) (Steadman et 
al. 1990). 
One weakness of this study was that it did not examine the blood of Yellow-Eyed 
Penguin chicks. Avian malaria can have a severe impact on penguins, with P. relictum 
and P. elongatum leading to a mortality rate of up to 50% in captive penguins during 
their first exposure to these parasites (Cranfield et al. 1990). Thus avian malaria may be 
one cause of the relatively low (15%) survival rate of Yellow-Eyed Penguin chicks that 
survive to breeding age (Richdale 1957). Avian malaria may affect penguins either 
directly through death due to the disease, or indirectly as malaria may lead to morbidity 
and an enhanced risk of predation or starvation (Y orinks & Atkinson 2000). 
Young birds usually develop higher and more prolonged parasitemias than older birds 
(Seed & Manwell 1977). If birds survive their first exposure to infection with the malaria 
parasite, they acquire a degree of immunity to further infection. Birds may be infected 
for life, with long-term relapses occurring when under stress (Nordling et al. 1998; 
Wiehn & Korpimaki 1998). Continued subclinical infection provides concomitant 
immunity, stimulating strain-specific humoral and cell-mediated immunity (Atkinson et 
al. 2001; Yorinks & Atkinson 2000). 
Given the findings of Dore (1920a,b, 1921) that avian malaria is present in New Zealand, 
and that it has infected Yellow-Eyed Penguins (Fantham & Porter 1944), we must accept 
that the disease may exist at a sub-clinical level in the Yellow-Eyed Penguin population. 
In times of stress, such as the food shortages caused by an El Nino event (van Heezik & 
Davis 1990), this may be an added factor that may inhibit the ability of some birds to 
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survive, but under normal conditions infected birds should be able to survive and even 
thrive. 
33 
Perhaps one option in examining birds for Plasmodium spp. would be to examine birds 
from captive care and rehabilitation programmes. These birds are under stress and may 
exhibit measurable parasitemia or even die as a result of avian malaria. 
2.4.2 Importance and Relevance of Faecal Sampling 
The best way to accurately enumerate the endoparasitic fauna of an animal is to dissect 
the animal and count the parasites. This is the only way to determine exactly how many 
parasites are present, their age, sex, and precise identity. This obviously causes the death 
of the host, and is therefore not feasible when studying an endangered animal like the 
Yellow-Eyed Penguin. This problem is lessened when studying parasites of the 
alimentary tract because live birds can be examined through non-destructive methods 
such as faecal sampling and stomach pumping (Ranum 1993). However, it can be 
difficult to identify parasites from their eggs or cyst morphology alone, and even 
parasites with similar-appearing eggs can have very different effects on their hosts 
(Whitfield 1993). 
The presence of helminth eggs or protozoan cysts in faeces provides a qualitative rather 
than quantitative measure of infection (MAFF 1986). Egg/cyst counts can be influenced 
by a number of factors such as diurnal cycles (Chappell 1993; Hawking 1975), uneven 
distribution of eggs throughout the faeces, and variation in the quantity of faeces passed 
which affects the number of eggs per unit weight (MAFF 1986). The host immune 
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even suspension of patency. Even if eggs are not produced, parasites may be capable of 
causing serious damage to the host (Whitfield 1993). High egg or oocyst counts can be 
recovered from apparently healthy animals, while animals appear diseased even when 
few oocysts are present (MAFF 1986). 
2.4.3 Protozoa in the Yellow-Eyed Penguin 
This is the first study to examine faecal samples taken from adult Yellow-Eyed Penguins. 
There was an earlier study, which examined faecal samples taken from chicks (Ranum 
1993). This study found that seven of the twenty chicks examined released low numbers 
(50.2 oocysts per gram) of Eimeria oocysts in their faeces, and one bird also appeared to 
be heavily infected with another unidentified protozoan, releasing 8402 oocysts per gram 
in the sample taken. According to that study, parasite load had no effect on the risk of 
predation of chicks, or the growth rates of chicks (Ranum 1993). 
The pathogenicity of Eimeria is still not clearly understood; disease often involves 
enteritis, with or without haemorrhage and some genera of Eimeria are capable of killing 
their hosts (Fernando 1982). The impacts of these infections appear to be driven by the 
condition of the host, and the state and nature of the parasite involved (species, age of 
oocysts, tissue site affected) (Ruff & Reid 1977). 
The majority of species of Eimeria are highly immunogenic, and infection of a normally 
immunocompetent host generally provides a degree of immunity to reinfection (Rose 
1973, 1982); this immunity appears to fade over time (Rose 1973). Experiments 
involving E. tenella in chickens indicated acquired immunity persisting for fifteen weeks 
(Leathern & Burns 1968), although it was less effective in chicks (Horton-Smith et al. 
) 
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1961). Even in apparently immune hosts there is some evidence that an asexual coccidial 
form remains in the host (Rose 1982). 
There have been no reported infections of penguins by other coccidians, such as Isospora 
spp. (Clarke & Knowles 1993), except for one case oflethal toxoplasmosis (Mason et al. 
1991) and renal coccidiosis in Eudyptula minor caused by an unidentified protozoan 
(Obendorf & McColl 1980; Harrigan 1992). Many aquatic birds are affected by renal 
coccidia (Gajadahar et al. 1983), which may have a serious impact on their hosts 
(Munday et al. 1971, Wobeser 1974; Franson & Derksen 1981). In E. minor, these 
infections are generally minor, but may lead to more severe and generalised lesions in the 
kidney (Harrigan 1992; Obendorf & McColl 1980). E. minor has also been reported to 
suffer intestinal coccidian infections, but their importance is unclear (Crockett & Keams 
1975; Harrigan 1992; Obendorf & McColl 1980). 
Of course, if the coccidia collected in this sample were not parasites of the Yellow-Eyed 
Penguin, but perhaps of one of their prey species of fish, then the lack of any significant 
effect on the bird would be expected. Further work may be needed to determine the 
source of these parasites. 
2.4.4 Helminths in the Yellow-Eyed Penguin 
The only previous study of Yellow-Eyed Penguin parasites, examining chick faeces 
found helminth eggs in 20% of the faeces sampled, mostly ascarid nematode eggs 
(Ranum 1993; Ranum & Wharton 1996). Ranum and Wharton (1996) also examined the 
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with the ascarid nematode Contracaecum sp., and two were also infected with an 
unidentified acanthocephalan. 
36 
In the current study only one bird appeared to be carrying an infection, tentatively 
identified as Contracaecum sp, possibly Contracaecum eudyptes. Members of this genus 
are commonly parasites of piscivorous birds and mammals (Anderson 2000), and an 
example of this species was recovered from Yellow-Eyed Penguins taken from the 
Auckland Islands (Johnston & Mawson 1953). 
Only ten eggs (6.12 eggs per gram of faeces) were detected, suggesting that this was a 
relatively light infection. There was also no sign of any acanthocephalan eggs, despite 
these parasites previously being found in Yellow-Eyed Penguin chicks (Ranum 1993; 
Ranum & Wharton 1996), and being common in adult birds (Chapter Four). The lack of 
acanthocephalan eggs may indicate that these infections are not achieving patency in the 
Yellow-Eyed Penguin. 
Diurnal fluctuations may play a role in the detection ofhelminth eggs from faecal 
samples. The intermediate hosts of the helminth parasites of the Yellow-Eyed Penguin 
will be marine invertebrates, so it is quite probable that egg release will be greatest while 
the bird is at sea, maximising the likelihood that the larvae released will find a suitable 
host (Hawking 1975). 
Another possibility is that some of the parasites detected by Ranum & Wharton (1996) 
and in this study are opportunistic parasites of the Yellow-Eyed Penguin, and are unable 
to develop patent infections due to unfavourable conditions in the Yellow-Eyed Penguin 
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to trigger development, or an effective immune response from the host. In other words, 
the Yellow-Eyed Penguin may not be a suitable definitive host for these parasites. The 
fact that none of the Acanthocephala recovered from Yellow-Eyed Penguins to date were 
mature (Chapter Four) provides some support for this hypothesis. 
" ' ' 
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Chapter Three: ELISA Detection of Avian Malaria 
3.1 Introduction 
Visual examination of blood smears has long been one of the primary methods of 
detecting blood parasites. As discussed in the last chapter, this technique has limitations 
that ensure that the absence of parasites on a blood smear cannot be considered 
conclusive evidence that the parasites are not or have not been present. In recent years, 
immunological and molecular biological techniques have been developed in order to 
enhance disease detection. 
Ideally, diagnostic tests should be simple to use, requiring a minimum of training, and be 
rapid, easy to understand, and reproducible (Watson 1988). Modem tests such as the 
ELISA (Enzyme-Linked ImmunoSorbent Assay) achieve these objectives. 
3.1.1 Malaria and the Immune System 
Being a vector-borne disease, malaria is easily able to evade most of the vertebrate host's 
general defences against infection. The host-seeking abilities of many species of 
mosquito limit the ability of the vertebrate host to avoid exposure to malaria. The 
mouthparts of the mosquito allow the malaria parasite to bypass the outer defences of the 
host. Once the parasite has entered the host's bloodstream it is susceptible to attack from 
the immune system. The intracellular location of the parasite within the host protects 
malaria from much of the immune system, and survival is further aided by malaria's 
capacity for antigenic variation and interference with host immunity (Cohen & Lambert 
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Malaria is associated with large changes in immune responsiveness. This may involve 
generation of immunosuppressor cells and alterations in the distribution of lymphocyte 
subpopulations in the circulation, spleen, and lymph nodes; the percentage and number of 
circulating T-cells are reduced, while the percentages of both B-cells and null cells 
present are increased (Cohen & Lambert 1982). 
Malarial resistance develops slowly and may be incomplete (Atkinson et al. 2001). 
Acquired immunity is stage- and species-specific, involving a number of cell-mediated 
and non-specific mechanisms (Cohen & Lambert 1982; Seed & Manwell 1977; Wakelin 
1996). These mechanisms are directed against the sporozoite, merozoite and gametocyte 
stages, impacting upon the invasion, development, and transmission of the parasite 
respectively (Anderson et al. 1989), but are often poorly understood (Jarvi et al. 2001). 
After an initial acute phase of infection, hosts develop chronic low-level parasitemias, 
which are regulated by host cellular and humoral immunity. If a penguin host survives its 
first exposure to avian malaria, its immune system appears to be capable of limiting the 
infection to subpatent levels (Cranfield et al. 1994; Graczyk et al. 1994d). Periodic 
relapses may occur which are affected by a set of complex interactions between the host 
immune response, endocrinology and physiological stress (Atkinson and van Riper 1991; 
Jarvi et al. 2002). Avian plasmodia may persist in the cells of the lymphoid-macrophage 
system for the duration of the infection, probably the life of the host. These persistent 
tissue stages provide the source of parasites for relapsing erythrocytic infections and 
stimulate concomitant immunity, providing protection from reinfection with homologous 
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These persistent stages provide a source of seropositivity even when there are no 
parasites in the peripheral circulation (Jarvi et al. 2002). An antibody response is 
detectable as soon as eight days following infection, but is often not clearly detectable 
until forty days after the host is infected (Atkinson et al. 2001 ). Chicks may inherit 
maternal antibodies through the egg yolk; the level of these maternal antibodies is 
correlated to the antibody titres of their female parents (Graczyk et al. 1994b). 
40 
In African Black-Footed Penguins, the anti-Plasmodium antibody titre was not related to 
the level of parasitemia, but parasitemic penguins that died had significantly lower 
antibody titres than those penguins that survived (Graczyk et al. 1994a). A humoral 
response occurred within five weeks of outdoor exposure of captive penguins (Graczyk et 
al. 1994a). There is a slight age-related decline in anti-Plasmodium antibodies over the 
next three years, but titres remain relatively constant for the remainder of the life of the 
host (Graczyk et al. 1994d). 
3.1.2 ELISA Techniques 
The ELISA is the most widely used form of immunoassay in veterinary science, 
providing a simple and rapid screening method. It is particularly effective in the 
identification of viral and bacterial diseases, and is able to detect disease before the onset 
of clinical symptoms (Morris 1988). 
The antigens expressed by a parasite can change depending on the stage of the parasite 
present and may not remain in the host's body for long if not expressed by the parasite -
after all, one of the roles of antibody is the removal of free antigens from the host 
(Crowther 1995; Graczyk et al. 1993). In general, free circulating antibody remains in 
~ I 
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the host for longer than free circulating antigen; the antibody response is long lasting, and 
can remain in the absence of the stimulating antigens (Crowther 1995). For this reason, 
the detection of antibodies in the host does not necessarily indicate the presence of a 
current infection, merely exposure. Antibodies to some antigens are more persistent than 
others and may even persist for the lifetime of the host (Crowther 1995). One must also 
consider whether any antibodies detected are indeed protective for the host, and there is 
also the possibility that detected antibodies are cross reactive to a number of antigens 
(Crowther 1995). 
ELISA techniques use the covalent attachment of enzymes to antibody molecules to 
create a quantitative tool for the detection of disease (amongst other uses). ELISAs can 
be split into two primary groups, direct and indirect ELISAs. 
3.1.2.1 Direct ELISAs 
Direct ELISAs are used to detect antigen. The specimen to be tested is added to the wells 
of a microtitre plate previously coated with the antibodies specific for the antigen being 
searched for. If the antigen is present in the sample, the antigen binding sites of the 
antibodies will trap it. After washing unbound material away, a second antibody 
containing a conjugated enzyme is added. This antibody is also specific to the antigen 
being detected. After another wash, the enzyme activity of the bound material is 
determined by adding the substrate of the enzyme; the depth of colour formed is 
proportional to the amount of antigen originally present (Crowther 1995). 
The disadvantage of this technique is that sera raised against different antigens all have to 
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samples. Crude samples have not been purified and therefore contain many 
contaminants, resulting in low levels of antigen attachment due to the competition for 
attachment sites in the sample wells (Crowther 1995). 
3.1.2.2 Indirect ELISAs 
42 
Indirect ELISAs are used to detect antibodies to a given antigen. The microtitre wells are 
coated with antigen, and a serum sample added; if antibodies to the antigen are present, 
they will bind to the antigen on the plate. Following a wash, another antibody containing 
a conjugated enzyme is added; this binds to the antibody bound to the antigen. Following 
the addition of an enzyme substrate, a colour is formed. Using a plate reader to measure 
the optical density of a sample enables the quantification of the amount of antibody to the 
test antigen in the sample (Crowther 1995). 
Occasionally non-specific binding may occur, where antibody binds to something other 
than the antigen being sampled for. This may be either the plastic of the well or another 
antigen which also binds to the well. This leads to a high background count, meaning 
even negative samples and blanks may return a measurable response to the conjugated 
antibody (Crowther 1995). Using a blocking buffer reduces the risk of non-specific 
binding occurring. This buffer contains protein to bind to any plastic not bound by 
antigen. Similarly, it is also important to tap out any solutions and carefully wash each 
well before the next reagent is added. This is necessary to prevent a reaction occurring 
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3.1.3 PCR Techniques 
Another molecular technique used to detect disease organisms is PCR (Polymerase Chain 
Reaction). This technique is easily capable of amplifying a single copy of a gene or gene 
fragment a million-fold (Griffiths et al. 1993). Samples taken in this study were sent 
overseas for analysis using this technique. 
PCR is capable of detecting a particular genetic sequence even at very low levels (Barker 
et al. 1989; Feldman et al. 1995). Primers are constructed on the basis of existing 
knowledge of the target genome. Heat is used to denature the DNA strands, splitting the 
double helix. The primers bind to the DNA, and a thermostable DNA polymerase 
enzyme is used to facilitate the attachment of nucleic acid molecules to the separated 
strands, forming two new strands from the original denatured strand. This process is 
repeated, resulting in a geometric increase (amplification) of the DNA fragment defined 
by the primers (McManus & Bowles 1996). 
A variety of staining techniques can be used to visualise this fragment on a substrate such 
as an agarose gel. The intensity of each DNA band on this gel can provide a quantitative 
measure of the amount of DNA present in the sample tested. PCR can therefore provide 
a highly specific and sensitive test to detect DNA from a particular organism. There can 
be difficulties in successfully setting up these assays, as this technique is capable of 
amplifying unwanted DNA, especially if the primers used are improperly designed 
(McManus & Bowles 1996). 
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3.1.4 Aims 
The aim of this chapter is to determine if adult Yellow-Eyed Penguins from the Boulder 
Beach region are seropositive for Plasmodium. If these birds possess antibodies to 
Plasmodium, it suggests exposure to the parasite, and confirms the presence of the 
disease in the area. The strengths and weaknesses of ELISA techniques for disease 
detection are discussed, as are the implications of the findings of this study. 
This chapter also involves PCR analysis of a number of blood samples from Yellow-
Eyed Penguins. The differences in the results obtained by using these techniques are 
discussed. 
3.2 Methods 
An ELISA was used to detect avian malaria in the Yellow-Eyed Penguin due to the 
sensitivity and specificity of this technique. An indirect ELISA was used due to the poor 
efficacy of direct ELISAs in the analysis of crude samples such as those obtained in this 
study (Crowther 1995). An additional advantage of using the indirect ELISA technique 
in this study was that the materials were more readily available. PCR was also used to 
confirm the presence of avian malaria. 
3.2.1 Sample Collection and Storage 
Samples were collected from Yellow-Eyed Penguins on the Otago Peninsula as described 
in section 2.2.2. Blood was stored in eppendorfs on ice (Section 2.2.2.1) until they could 
be returned to the laboratory. Whole blood samples were centrifuged in a 
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the cellular fraction of the blood. The serum was pipetted into another labelled 
eppendorf, then both fractions were stored at-70°C until testing. 
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Twenty Yellow-Eyed Penguins obtained from the Otago Museum were autopsied in an 
attempt to determine the cause of death and parasite load of the birds at the time of death 
(see Chapter Four). Blood from the heart of sixteen of these birds was taken during the 
autopsy and stored on filter paper to determine if malaria was present. Four birds did not 
possess sufficient blood for a sample to be obtained due to their poor condition. 
Blood from six living Yellow-Eyed Penguins was taken and stored on filter paper to 
compare the results obtained when the samples were stored on filter paper and when they 
were stored at -70°C. In the case of samples from both living and dead birds, samples 
were stored at 4 °C in the presence of 5g anhydrous calcium sulphate for six months 
(Yerly et al. 1990). 
3.2.2 ELISA Components 
Although the principle of the ELISA test is simple, care must be taken that techniques are 
performed using appropriate materials. The optimum concentration of the antigen, 
conjugate, and antibody to be used must be determined. The brand of microtitre plate 
used can also have an effect on the results achieved. In this case, the previous work of 
Graczyk et al. (1993, 1994a-d, l 995a-c) formed the initial basis of a number of these 
decisions. 
3.2.2.1 Physical Components 
All ELISAs were performed on a Bio Tek Industries EL340 plate reader at a wavelength 
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into Excel. A number of plastic 96-well microtitre plates were compared in order to 
determine their efficacy for this experimental system. Comparison of Maxisorp TM 
(Nunc), and Immulon2™ and Immunlon4™ (Dynex Technologies) plates suggested that 
Immulon4 plates were the most effective in this case. 
The outermost wells of each plate were not used in order to avoid "edge effects", where 
the results of these wells may differ slightly from those of the rest of the plate (Burt et al. 
1979; Oliver et al. 1981). Generally these edge effects are caused by differences in 
illumination or temperature between central and peripheral wells. These effects can be 
minimised by performing incubations in the dark, adjusting the temperature of reactant 
liquids and plates prior to incubation, and sealing plates with adhesive tape or placing 
them in a 100% relative humidity environment during incubation (Esser 1999). Although 
the first two precautions were taken, the last of these three precautions was not always 
possible because the final incubation step was usually performed within the plate reader. 
Sealing the plate would interfere with the operation of the microplate reader, hence the 
preference to avoid using the outermost row of wells. 
3.2.2.2 Reagents 
Two malarial antigens were supplied by Dr Carter Atkinson: R32tet32 sporozoite antigen 
from P. falciparum (SmithKline Beecham), and Crude Red Blood Cell Extract (CRBCE), 
which consists of P. relictum extract from sonicated Anas platyrhynchos (Pekin Duck) 
erythrocytes. R32tet32 antigen was provided at an initial concentration of 2.3mg/ml, 
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Positive and negative primary antibody controls were also supplied. Positive controls 
consisted of serum drawn from Pekin Ducks (A. platyrhynchos) which had been 
experimentally infected with P. relictum. Negative controls consisted of serum drawn 
from ducks isolated from any source of malarial infection from birth. Primary antibodies, 
both controls and test sera were diluted 1: 100 in buffer. The conjugated secondary 
antibody consisted of Rabbit anti-Chicken IgG conjugated to alkaline phosphatase 
(Sigma); this was diluted 1: 1000 in buffer. The substrate buffer for the ELISA reaction 
consisted of lmg/ml p-Nitro Phenyl Phosphate (pNPP) tablets (Sigma), and 0.2M Tris 
buffer tablets (Sigma). 
The buffer solution was Phosphate Buffered Saline (PBS) 0.05M, pH 7.2. This solution 
was used to dilute the R32tet32 antigen, test sera, and conjugate. One litre of PBS buffer 
consisted of 8g NaCl, 2.8g Na2HP04.12H20, 0.2g KH2P04 and 0.2g KCl, made up to one 
litre with ddH20. This solution also formed the basis of the washing solution (PBS-
Tween), 0.05M PBS buffer with 0.05% (v/v) Tween-20 added; in turn, PBS-Tween with 
5g/L powdered milk added formed the blocking buffer. CRBCE antigen was diluted in 
0.05M Carbonate buffer (pH 9 .6), consisting of 1.59g Na2C03 and 2.9g NaHC03, made 
up to IL with ddH20; this was autoclaved and stored at 4°C. 
3.2.3 Pilot Studies 
Before testing actual samples from wild birds, the control sera provided were used to 
optimise the ELISA procedure. 
Comparison of the two antigen types (R32tet32 and CRBCE) showed that the crude 
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inconsistent, with no repeatability or consistency in evidence. This was not entirely 
unexpected, as it was one of the reasons the R32tet32 sporozoite antigen was freely 
available. However, the R32tet32 antigen was tested because it was the preferred antigen 
of Graczyk et al. ( 1995b,c) in the previous ELISA studies of avian malaria in penguins. 
The CRBCE was provided at an initial concentration of 3.316mg/ml. Serial dilution of 
the antigen was performed, providing concentrations of 15µg/ml, 12µg/ml, lOµg/ml, 
5µg/ml, 2.5µg/ml, lµg/ml, 0.5µg/ml, O.lµg/ml, and a blank with no antigen. A 
"checkerboard" analysis was performed to compare these antigen concentrations with 
potential secondary antibody concentrations. This involves serial dilution of both 
primary antibody (across the plate) and secondary antibody (down the plate). Serial 
dilution was performed, providing secondary antibody dilutions of 1 :500, 1: 1000, 1 :2000, 
1 :4000, 1 :8000, 1: 16000, and 1 :32000, and a blank with no secondary antibody. The 
optimum dilution of the primary antibody was also examined, with serial dilutions of 
control sera in PBS of 1:100, 1:200, 1:400, 1:800, 1:1600, 1:3200 and a blank of PBS 
alone. 
After performing these pilot studies, the optimal design was implemented for the 
remainder of the experiment. In order to allow for daily variation between samples, the 
positive control results were used to establish a baseline for comparison. All results were 
standardised using the negative control plus three standard deviations for each plate as a 
reference point. A sample was considered to be positive if the absorbency was above that 
of the negative control plus three standard deviations, meaning that any sample with an 
adjusted absorbency value greater than one was positive. 
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3.2.4 Final ELISA Recipe 
1. Add 100µ1 of buffered antigen (CRBCE) per well, leave overnight at 4°C to bind 
to the plastic substrate. 
2. Tap out the antigen and add 200µ1 blocking solution (PBS-Milk-Tween) for three 
hours at room temperature. 
3. Tap out the blocking solution and add 100µ1 of primary antibody per well. 
Include positive and negative controls, and blanks (PBS buffer only), all samples 
to be tested in triplicate. Incubate for three hours at room temperature. 
4. Tap out the primary antibody, and wash the plate six times with PBS-Tween, for 
two minutes per wash. 
5. Add 100µ1 of secondary antibody per well, and incubate for one hour at room 
temperature. 
6. Tap out the secondary antibody, and wash the plate six times with PBS-Tween, 
for two minutes per wash. 
7. Add 200µ1 of buffered pNPP substrate. 
8. Stop reaction after two hours with 50µ1 3N NaOH. Measure any colour change 
(from clear to yellow) using an automated plate reader. 
r 1 
) 
Chapter Three - ELISA Detection o{Avian Malaria 50 
3.2.5 Filter Paper Tests 
Some blood tests were performed to assess the efficacy of blood samples stored on filter 
paper. This is a relatively common method of storage, especially in field situations where 
adequate cooling is unavailable (Graczyk et al. 1993; Lana et al. 1983). Blood from six 
living penguins was taken and stored on filter paper to compare the results obtained to 
those when the blood was stored at-70°C. Blood samples were taken from sixteen dead 
birds were taken at the time of autopsy by taking blood from the heart. 
In order to be tested, samples stored on filter paper were incubated overnight at 4 °C in 
0.4% Tween with 1ml ddH20. 100µ1 of the resulting solution was added per well as a 
primary antibody, and these samples were subsequently tested in the same manner as all 
others. 
3.2.6 PCR Analysis 
Twelve blood samples were sent in buffer to Dr. Carter Atkinson (USGS, Hawaii) and 
twenty samples were sent to Dr. Robert Ricklefs (University of Missouri-St. Louis) for 
PCR analysis. These samples consisted of 50µ1 of the cellular blood fraction taken from 
live birds during the course of the study which were sent in eppendorfs containing 1ml of 
Tris-EDT A buffer (Seutin et al. 1991). This buffer consisted of O.OlM Tris, O.OlM 
NaCl, O.OlM EDTA and 1 % n-lauroylsarcosine, pH 7.5. 
PCR analysis was performed on the ribosomal RNA of the malarial parasite, which 
consists of a combination of conserved and variable regions (McManus & Bowles 1996). 
This allows for the amplification of sample sequences using species-specific primers 
within the genus Plasmodium (Li et al. 1995). 
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3.3 Results 
3.3.1 Pilot Studies 
The results of the pilot studies performed during the development of this technique are 
included here for the sake of completeness. Comparison between antigen concentrations 
showed little difference between 15 µg/ml and 5 µg/ml, with a slight decline in sensitivity 
beginning at 2.5µg/ml (Figure 3.1). Given the lack of any significant differences in the 
5-15µg/ml range, an antigen concentration of lOµg/ml was suggested by Dr Atkinson. 
Plates were coated with an antigen concentration of 1 Oµg/ml, and a checkerboard 
analysis was performed to determine the optimum primary and secondary antibody 
dilutions. A secondary antibody dilution of 1/500 provided the most sensitive detection 
threshold, and sensitivity decreased along the dilution series (Figure 3.1). In practice, the 
absorbance values detected by the plate reader at this concentration of secondary 
antibody were often beyond the levels readable by the plate reader, and resulted in high 
background absorbance counts. Consequently the secondary antibody dilution was 
lowered to 1/1000 to reduce these problems. 
>-' 
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FIGURE 3 .1: Pilot Study of Relative Antigen/ Antibody Combination Efficacies 
3.3.2 Experimental Results From Live Birds 
The adjusted absorbance ratios recorded from these tests are available in Appendix 
52 
Three. Of the 171 samples taken from eighty live birds and tested for anti-Plasmodium 
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less than that of the negative controls plus three standard deviations. In Figure 3.2, this 
cut-off point is illustrated with the line representing an absorbency ratio equal to one. 
Conversely, one sample (band no. 12493, 18/2/98) produced such a high value it was 
unable to be read by the ELISA reader. It is therefore not included in any of the 
following data analyses. The absorbance ratio in the following analyses compare the 
absorbance reading for the sample in question to the reading for the negative control plus 
three standard deviations for that plate. 
Both negative samples were taken in summer (late December/early January), a time when 
infection levels would be expected to be relatively high, with a correspondingly higher 
antibody response. Both birds involved were sampled in the summer of 1997/98, and 
were still young, approximately one year old. One bird (14966) was only captured once, 
but the other (14823) was caught approximately three weeks later, and tested positive for 
anti-Plasmodium antibodies. 
'/ 
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A GLM analysis indicated that the age of the bird was not a factor in the absorbance 
reading obtained (F9,74 = 1.26, p = 0.275) (Figure 3.3). Both the sex of the bird (F1, 74 = 
3.79, p = 0.055) and the month in which the sample was taken (F10,74 = 1.82, p = 0.072) 
were suggestive of a trend. The interaction effect between month and sex was not 
significant (F10,74 = 0.62, p = 0.788). Removing the interaction effect resulted in age 
becoming less significant (F9,84 = 1.07, p = 0.396), while sex (F1,84 = 3.78, p = 0.055) and 
month (F 10,84 = 2.03, p = 0.040) became more significant (full ANO VA tables in 
Appendix Six). As illustrated in Figure 3.4 below, female birds produced a higher mean 
absorbency ratio than males. 














FIGURE 3.3: Effect of Penguin Age on Adjusted Absorbance Ratios. Bars represent 
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FIGURE 3.4: Comparison of ELISA Response Between Male and Female Penguins. 
Bars represent standard errors, n represents the number of samples. 
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While there was evidence of a difference in the average adjusted absorbency results 
between different months, there was no consistent trend suggestive of an annual peak or 
of some sort of epidemic during the course of this study (Figure 3 .5). 
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FIGURE 3.5: Adjusted Monthly Absorbance Ratio. Bars represent standard errors, n 
represents number of blood samples. 
3.3.3 Filter Paper Tests 
Filter paper blood samples taken from sixteen dead birds examined showed that fourteen 
of the birds were seropositive for avian malaria (Figure 3.6). None of these birds showed 
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FIGURE 3.6 Adjusted Absorbance Ratios of Filter Paper ELISA Tests From Dissected 
Birds 
Blood samples taken in the field and stored on filter paper appeared to be less efficacious 
than storage of samples at-70°C (DF1,11 , p = 0.027). All six samples tested were positive 
when the serum was tested by the ELISA technique, but only one of these was positive 
when the filter paper sample was tested by ELISA. This same frozen serum sample 
produced a response so high as to be unreadable by the ELISA reader. The difference in 
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3.3.4 PCR Results 
The results obtained by Dr. Atkinson and Sue Jarvi (USGS) were inconclusive. The 
penguin samples were tested by PCR using primers for P. relictum ribosomal RNA and 
the P. relictum TRAP genes. When tested with the first set ofribosomal RNA primers, 
all the birds sampled were positive, with a clear band at approximately 600 bp. However, 
these samples were negative with the second set of primers. When tested using PCR on 
the TRAP gene, the primers yielded a faint 1000 bp band, rather than the 1700 bp band 
seen with P. relictum. This indicates the presence of an apicomplexan parasite, probably 
a member of the genus Plasmodium, but apparently not P. relictum. 
Dr. Ricklefs found that four of the twenty samples analysed (band numbers 13057, 
13183, 14616, 15047) showed very weak signs of infection with Plasmodium, while two 
i 
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birds (band numbers 13963 and 14803) showed a slightly stronger response. The 
weakness of response suggested that it is unlikely that these infections could be detected 
on a blood smear, due to the very low prevalence of infection within the red blood cell 
population (R. Ricklefs, pers. comm.). 
This means that eighteen of thirty-two samples (56.25%) tested for avian malaria using 
PCR were positive for Plasmodium, although the species of the parasite could not be 
determined. 
3.4 Discussion 
3.4.1 Pilot Study 
While the poor results obtained using the R32tet32 sporozoite antigen were expected to 
some degree, due to the difficulties in obtaining consistent results experienced by Dr 
Atkinson (C. Atkinson, pers. comm.), they were a surprise at another level. This antigen 
was commercially developed by SmithKline Beecham, a major multinational company, 
although it is no longer commercially available. It has been used successfully in the past 
to detect malarial infections in a number of penguin species including the Yellow-Eyed 
Penguin (Graczyk et al. 1994a,b,d, 1995a-c), but I was unable to match these results. 
The reasons for this remain unclear, although differing laboratory conditions can 
sometimes affect the repeatability of results (Crowther 1995). 
/ 
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3.4.2 Experimental Results from Live Birds 
The most significant result reported from this chapter is that nearly every bird studied 
was seropositive for avian malaria; according to this ELISA technique, almost every 
penguin on Boulder Beach possesses antibodies to avian malaria. This is consistent with 
the results reported by Graczyk et al. (1995b,c ), but is in direct contrast to findings of 
chapter two of this study- namely that none of the blood smears of the birds examined 
contained detectable avian malaria parasites. 
This may be due to a number of factors. As explained in Chapter Two, blood smears 
represent only a tiny fraction of the hosts' total blood volume, and parasites may be 
unevenly distributed within any smear, especially at low levels of parasitemia (Barker et 
al. 1989; Garnham 1966). In addition, many blood parasites are not present within the 
peripheral circulation for at least a portion of their lifecycle, nullifying the effectiveness 
of blood smears when detecting parasites at this stage (Garnham 1966). However, the 
considerable effort spent examining each slide, the number of samples examined, and the 
extent of the year covered suggests that this is a relatively remote possibility. As stated 
in Chapter Two, we would expect to see at least some blood parasites at some stage of the 
year if significant levels of haematozoa were present. 
What may be occurring is that Yellow-Eyed Penguins are becoming infected by 
Plasmodium spp. as chicks. If they survive this infection, they are able to suppress the 
infection to subpatent levels (Cranfield et al. 1994). As no chicks were sampled in this 
study, the parasitemia may have already been greatly reduced or eliminated by the 
immune response of the surviving birds. This would result in negative blood smears in 
adult birds, but anti-Plasmodium antibodies being present. 
/! 
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Another possibility is that the ELISA technique performed here is faulty in some manner, 
either in design or execution. On each plate, every sample and all positive and negative 
controls were repeated in triplicate, plus blank wells were included to measure non-
specific background absorbance. The positive controls - serum drawn from birds known 
to be infected with avian malaria - reacted consistently to the crude malarial antigen. The 
negative controls - from birds known to be free of infection - consistently reacted to a 
much lesser extent, while the blanks did not bind effectively to the antigen at all. 
Given the experimental safeguards utilised throughout this experiment, it appears that the 
reaction detected was one involving antibodies to Plasmodium antigens present within 
the host at some stage. If the reaction occurring was merely due to the involvement of 
some form of avian or erythrocytic antigen, there would be no significant difference 
between the positive and negative controls. Graczyk et al. found that this ELISA using 
the R32tet32 antigen did not cross-react with Haemoproteus columbae (Graczyk et al. 
1994c) or Babesia sp. (Graczyk et al. 1995c), suggesting that it is unlikely that the 
presence of another blood parasite is responsible for the positive test result. 
In many cases, blood samples from penguins on Boulder Beach reacted much more 
strongly than even the positive controls. This suggests that the intensity of exposure ( or 
the response to it) was greater among the penguins than the birds the positive serum was 
derived from. The apparent widespread exposure of Yellow-Eyed Penguins on the Otago 
Peninsula to Plasmodium is a matter of some concern. 
Avian malaria has been implicated in the large-scale extinctions of endemic Hawaiian 
birds (Atkinson & van Riper 1991; Atkinson et al. 1995; van Riper et al. 1986; Warner 
\,' 
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1968). Malaria was probably imported in birds brought by European settlers to the 
islands; having evolved in the absence of the disease, native bird populations appear to 
have been severely affected, and remain so to this day. 
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Despite the high levels of seropositivity reported here and previously (Graczyk et al. 
1995b,c ), the Yell ow-Eyed Penguin population does not appear to have been greatly 
affected by disease. In recent times, the population has twice been affected by a mass 
mortality (Gill & Darby 1993). Graczyk et al. (1995b,c) attributed this to avian malaria 
for a number of reasons - some of the symptoms displayed by examined birds were 
suggestive of avian malaria and the timeframe of the mass mortality resembled avian 
malaria. In addition, warmer temperatures at the time may have favoured the growth of 
vector populations. 
The weakness of this theory is that a number of penguins were necropsied at the time of 
the mortality, and although avian malaria was specifically looked for, no evident signs of 
the disease were found (Gill & Darby 1993). While birds can appear asymptomatic until 
their deaths from malaria, the effects of the disease are usually apparent during post-
mortem examination. 
The selective nature of the illness affecting Yellow-Eyed Penguins during this mortality 
was also unusual. The vast majority of affected birds were breeding adults, while non-
breeding birds and chicks were not affected directly by the mortality event that swept 
throughout the population. There is no obvious explanation for this pattern; no signs of 
any seroprevalence age distribution were observed in this study. Graczyk et al. (1995b,c) 
stated that this was due to maternally inherited antibodies protective against avian 
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malaria, but one would also expect the parents to possess these antibodies in that case, 
and perhaps possess some degree of protection themselves. The stress of breeding and 
providing for chicks may have been a trigger for recrudescence of the parasite in breeding 
birds (Nordling et al. 1998; Norris et al. 1994) or perhaps poor food quality (Wiehn & 
Korpimaki 1998). 
Yellow-Eyed Penguins from north of the Otago Peninsula all the way down to the sub-
Antarctic Islands were affected by this mass mortality at approximately the same time (J. 
Darby, pers. comm.). Given the lack of disease vectors in the sub-Antarctic islands 
(Clarke & Knowles 1993; Jones & Shellam 1999), it is hard to see how avian malaria was 
responsible for this mass mortality. 
Given the almost universal presence of anti-Plasmodium antibodies amongst the penguins 
of Boulder Beach, it appears they are exposed to the parasite. An antibody response can 
occur following a single exposure to the antigens of the parasite, and Plasmodium is 
capable of persisting in the host for the remainder of the host's life (Cranfield et al. 1990, 
1991, 1994). Given the potential persistence of the parasite, the anti-Plasmodium 
antibodies generated may also persist for the remainder of the host's life (Graczyk et al. 
1994d). 
The high levels of malarial antibodies, combined with the absence of parasites on blood 
smears suggests that Yellow-Eyed Penguins may have been exposed to Plasmodium and 
produced an effective immune response. Although a large response does not necessarily 
indicate a protective response (Crowther 1995), it appears that in the case of the surviving 
penguins, their immune response is effective against avian malaria. 
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We must therefore question whether any Plasmodium present is a source of major 
concern to adult Yellow-Eyed Penguins. The disease may well be present in a proportion 
of the penguin population at a very low level of intensity, in the form of a subclinical 
infection. In times of stress, this may place an additional strain on the host, and there 
may be some form ofrelapse or recrudescence (Cranfield et al.1990, 1994; Fix et al. 
1988). This might lead to the occasional death of a bird, but this is likely to occur only in 
the presence of other stress factors. 
The stress caused by captivity may be a factor in the enhanced risk and severity of 
malarial infections amongst captive penguin populations, along with other features of 
captive situations such as increased exposure to malarial vectors (Brassy 1992; Cranfield 
et al. 1990, 1994; Fix et al. 1988; Fleischman et al. 1968; Jones & Shellam 1999; 
Stoskopf & Beier 1979). In a natural situation, birds are less likely to be stressed. The 
danger periods for wild birds are during the breeding period, where energetic 
requirements are higher (Nordling et al. 1998; Norris et al. 1994), and during the moult, 
when birds lose a significant proportion of their body weight (Richdale 1957). 
3.4.3 Filter Paper Tests 
The finding that storing blood samples on filter paper was not as effective as storing 
serum at -70°C was slightly surprising given its widespread use, especially for later 
examination for haematozoa (Graczyk & Cranfield 1996; Graczyk et al. 1993, 1994a-d, 
1995a-c, 1996; Lana et al. 1983; Massey et al. 1996; Seutin et al. 1991). Samples from 
live birds stored on filter paper produced ELISA absorbance readings less than half as 
high as those derived from serum stored at-70°C. The fact that a sample from a 
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number 12493) illustrates that this technique is capable of being used to store samples 
with limited success. 
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I am unable to explain the difference between these two groups of results, as both were 
tested at the same time after a similar storage term. Sample storage on filter paper has 
been shown to be effective for up to six months at room temperature or one year at -20°C 
(Brody et al. 1964; Brugh & Beard 1980). The most likely explanation for the observed 
difference in ELISA response is some problem with the storage of the filter paper 
samples or the test procedure in this case. 
3.4.4 PCR Results 
The PCR findings of Dr. Atkinson and Dr. Jarvi showed that the samples from all the 
birds examined contained a clear band of DNA approximately 600 bp in length. This is 
indicative of the genus Plasmodium (Feldman et al. 1995). Testing for the TRAP 
enzyme using PCR showed a faint 1000 bp band, rather than the expected 1700 bp band 
seen with P. relictum. This suggests that the parasite present is an apicomplexan parasite, 
probably a member of the genus Plasmodium, but not P. relictum. Further identification 
may be possible by cloning and sequencing the ribosomal DNA, but this may cost 
thousands of dollars, with no guarantee of success (C. Atkinson, pers. comm.). 
Dr. Ricklefs found that six of the twenty samples tested were positive for Plasmodium, 
although no species identification was made. The remainder of the birds sampled showed 
no evidence of infection. From the available evidence the six samples which produced 
faint DNA bands are infected with malaria, but are successfully suppressing the parasite 
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smear. Infections visible in blood smears result in much stronger bands than was found 
in these birds (R. Ricklefs, pers. comm.). It is likely that individuals may retain 
infections for long periods in a suppressed state, or that there is an endemic infection in 
the population. Disease may occur when birds are stressed in some manner, as parasite 
recrudescence results in tissue damage (Graczyk et al. 1994d; Griner 1974). 
There are two fundamental differences in the results generated by ELISA and PCR tests. 
The first of these is that the ELISA shows the intensity of the host response to malaria, 
while PCR measures the amount of parasite DNA present in a given sample. There are 
advantages to both approaches depending on the desired outcome. 
The other major difference between these tests is that the PCR test will only detect 
current infections. The immune response measured by ELISA persists even when the 
parasite causing it is eliminated. Another issue to be considered is that the PCR analyses 
were performed on blood samples. It is therefore likely that tissue stages of the parasite 
are not detected using this method, as DNA from tissue stages is unlikely to be found 
circulating in the blood. These factors may combine to explain the difference in the 
results obtained using these two techniques. 
The finding that the weak PCR response suggests that it is unlikely that these infections 
could be detected on a blood smear, due to the very low prevalence of infection within 
the red blood cell population, is unsurprising. It is after all the reason alternate assays 
such as the ELISA and PCR have been developed (Barker et al. 1989; Morris 1988). 
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3.4.5 Conclusion 
The high levels of seroprevalence and seropositivity reflected in the ELISA results of 
penguins from Boulder Beach confirm the findings of Graczyk et al. ( 1995b,c) that the 
vast majority of penguins at this locale have been exposed to Plasmodium. Indirect 
ELISA studies provide an inflated indication of the prevalence of Plasmodium in the 
population at any given time, as they measure antibodies to the parasite rather than the 
presence of the parasite itself. These antibodies persist even when the parasite has been 
eliminated, with the result that a bird tested with an ELISA can be considered 'positive' 
for Plasmodium and at risk of suffering avian malaria even when the parasite is no longer 
present in the host. 
Given the combination of the lack of blood smear evidence Plasmodium is present and 
the high seroprevalence of antibodies to Plasmodium, it is likely that this parasite is 
maintained at a subclinical level of infection within the adult penguin population. Under 
normal conditions malaria probably does not represent a significant threat to the 
continued survival or welfare of the endangered Yellow-Eyed Penguin. When the host is 
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Macroparasites are a large group consisting of parasitic helminths (nematodes, cestodes, 
trematodes and acanthocephalans) and arthropods (lice, fleas and ticks) (Anderson & 
May 1979). These parasites are relatively large and have longer generation times than 
microparasites such as viruses, bacteria and protozoa (Cox 1993). While microparasites 
are able to reproduce within the host, macroparasites must spend at least part of their 
lifecycle external to the host. As stated in Chapter One, a number of macroparasites have 
been recorded from Yellow-Eyed Penguins. Specifically, these parasites were nematodes 
(Contracaecum eudyptes), unidentified acanthocephalans, lice (Austrogoniodes conci, A. 
cristati sensu lato ), ticks (Ixodes uriae ), and the flea Parapsyllus longicornis (Murray et 
al. 1990; Pilgrim & Palma 1982; Ranum & Wharton 1996). 
High ectoparasite burdens can affect the development and mortality of nestling birds, and 
can result in abandonment of nests or even entire colonies (Brown & Brown 1986; Duffy 
1983; Loye & Carroll 1991; Moss & Camin 1970). Some ectoparasites, especially 
haematophagous species, are capable of weakening or killing their hosts either directly or 
indirectly through introducing microparasitic infections (Morgan et al. 1985). 
Ectoparasites can therefore limit the reproductive success and fitness of their hosts 
(Chapman & George 1991; Duffy 1983; Moller 1987, 1991, 1993). 
Helminth infections are generally chronic, leading to morbidity rather than mortality 






Chapter Four-Macroparasites ofthe Yellow-Eyed Penguin 69 
that it is important to consider the sub-lethal effects of these macroparasites on host 
fitness, rather than merely focussing on the direct effects of parasites on host mortality 
(Anderson 1980; Anderson & May 1978; Hudson & Dobson 1995; May & Anderson 
1979). Parasites are organisms that survive entirely at the expense of their hosts - even 
without the obvious effect of killing the host, parasites are capable of indirectly 
regulating the host population (Anderson 1979; Anderson & May 1978; Crofton 1971b; 
May and Anderson 1978). This regulation of the host population can destabilise host-
parasite relationships, leading to disturbances in host and parasite numbers and hence 
cause epidemics (May & Anderson 1978). 
The cost imposed by parasites on the host cannot always be easily quantified, especially 
in the field (Roberts et al. 1995). The impacts parasites have on their hosts may involve 
increased mortality, reduced fecundity, or the energetic cost of mounting an effective 
immune response (Booth et al. 1993; Connors & Nickol 1991; Hudson & Dobson 1995; 
Keymer & Read 1991). The ability of hosts to afford these costs may vary according to 
their nutritional and health status. Otherwise healthy hosts are less likely to be affected 
by parasite burdens that have a significant impact on immunocompromised hosts 
(Gulland 1992; Roberts et al. 1995). 
Parasites are capable of acting both directly and indirectly to reduce host survival and 
fecundity (Gulland 1995). These effects are generally a function of parasite burden - the 
more parasites present within a host, the greater the impact of the parasite. Sub lethal 
effects often occur in hosts with moderate worm burdens - the increased morbidity 
resulting may increase the likelihood of host mortality due to other causes. Studies of red 
. ( 
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grouse (Lagopus lagopus scoticus) found that birds killed by predators suffered from 
higher parasite loads than those birds that died of other causes (Hudson et al. 1992b ) . 
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An effective immune response can limit the establishment, rate and level of development, 
fecundity and survival of parasites. Once the host has acquired protective immunity, 
subsequent infections are often rejected. The degree and effectiveness of this reaction 
may increase over time, or after repeated exposures, and is dose-dependent (Dobson et al. 
1990). Even once an immune response has been developed, a threshold level of 
infection, or the presence of stage-specific antigens may be required to trigger the 
response (Bell et al. 1979; Emery et al. 1992a,b). The duration of this immunity varies 
between systems, but it appears that the length of memory in the absence of reinfection is 
generally short (Lloyd 1995; Lloyd & Soulsby 1987). 
The presence of one parasite can have a significant effect on infection by another. This 
interaction may be direct, such as competition for space, or indirect, for example 
incidental modification of the host environment by one species that impacts upon another 
(Christensen et al. 1987; Lloyd 1995). These interactions also occur through the action 
of the host immune system and may aid further infection through immunosuppression 
(Behnke 1990), or prevent it through immune enhancement (Gemmell et al. 1986; Lloyd 
1995). 
4.1.1 Parasite Induced Reduction in Host Survival 
There are three main methods of assessing the extent of parasite-induced mortality in 
free-living populations. These involve comparing the worm burden of those animals that 
have died from parasitism with a random sample from the host population, measuring the 
) 
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survival of animals with known worm burdens, and manipulating worm burdens and 
monitoring subsequent survival and fecundity of infected and control hosts (Dobson & 
Hudson 1992). Such studies have found large variation in the parasite burden within the 
host population, with some hosts being able to withstand much higher parasite burdens 
than others (Hudson et al. 1992a). 
The impact of the parasites on host fecundity and survival is often related to the 
nutritional status of the host (Keymer & Tarlton 1991). Poorly nourished hosts may 
suffer increased mortality because of the increased nutritional burden imposed by the 
parasites, and may be unable to launch an effective immunological response increasing 
the likelihood and duration of infection (Slater & Keymer 1986, 1988; Wakelin 1996). 
This is especially a threat for penguins like the Yellow-Eyed Penguin, which undergoes a 
moult during March-April. During this time, the penguin does not feed, relying on stored 
reserves to survive; moulting birds may lose several kilograms over the course of the 
moult (Richdale 1957). 
4.1.2 Parasite Induced Reduction in Host Fecundity 
Parasites can have a direct effect on host fecundity through direct castration (physical or 
chemical) (Lauckner 1986). Indirect effects also occur, where an increase in parasite 
burden reduces the condition of the host and consequently the ability of the host to mate, 
produce, or raise offspring (Hudson 1986; Hudson et al. 1992a,b; Keymer 1981; Moller 
1993). These effects have been observed to occur in both endo- and ectoparasites 
(Lehmann 1993). 
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Parasites may reduce the fecundity of hosts by reducing the attractiveness of their host to 
potential mates, for example by impacting on secondary sexual characteristics used to 
display the fitness of the host (Johnson & Boyce 1991; Read 1990; Spurrier et al. 1991). 
4.1.3 Parasite Induced Reduction of Host Competitive Ability 
Parasitised hosts often show significantly slower rates of growth and development than 
uninfected hosts, and resulting reductions in stored energy reserves may reduce the host's 
ability to survive stressful conditions (Kristan & Hammond 2000; Munger & Karasov 
1989). These indirect effects may reduce the host's ability to compete for food or 
breeding resources and have an impact on social dominance and host fitness (Hudson 
1986; Rau 1983; Saumier et al. 1994). 
4.1.4 Age Prevalence and Intensity 
Observed patterns of parasite prevalence and intensity can vary according to host gender 
and social status (Hudson & Dobson 1995). These changes can be measured over time 
using age-intensity or age-prevalence curves; the former are considered more powerful 
and informative, but the latter have the advantage of being measurable using non-
invasive techniques, for example faecal sampling or immunological techniques (Hudson 
& Dobson 1995; Lloyd 1995). 
Age-intensity curves can reveal patterns that allow quantification of rates of transmission 
and parasite mortality (Anderson & May 1991). The fact that few parasitic helminths are 
transmitted vertically from an infected female to her unborn offspring and that helminths 
do not reproduce directly within their definitive hosts mean that increases in infection 
intensity are due to the acquisition of new infective larval stages. These increases are 
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offset by the mortality processes acting on the parasite population within the host 
(Hudson & Dobson 1995). 
A number of biological processes may act to limit or even reduce the parasite burden 
borne by a host, including density-dependent parasite mortality, changes in host 
behaviour, age related changes in exposure, and the development of acquired immunity 
(Grenfell et al. 1995a; Keymer 1982; Lloyd 1995). Ideally age-intensity curves should 
73 
be constructed from longitudinal data, where individuals of the same age cohort are 
sampled over time. Unfortunately, effective sampling of endoparasites often requires the 
death of the host. Alternatively, cross-sectional data can be collected at one point in time. 
The drawback with this regime is that previous variation in exposure rate may distort the 
age-intensity curve (Hudson & Dobson 1995). 
Age prevalence curves provide a more ambiguous illustration of parasite-host interactions 
(Hudson & Dobson 1995). If parasite prevalence increases with age, then hosts 
obviously maintain, or increase, susceptibility to infection with age. If prevalence 
remains steady or declines, this may be due to a change in host diet, the clearing of 
infections by previously infected hosts, or the death of infected hosts (Grenfell et al. 
1995b; Hudson & Dobson 1995). 
4.1.5 Parasite Transmission and Fecundity 
The key factor of lifetime reproductive success for the parasite is the interaction between 
parasite survival, reproduction, and transmission, which determines the ability of the 
parasite to successfully establish breeding offspring in new hosts (Anderson & May 
1982; Lively & Apanius 1995). 
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The fecundity of parasitic worms is several orders of magnitude higher than that of free-
living worms. The proportion of parasite eggs that produce a successful infection in a 
host is very small, with abiotic factors such as the weather having a significant impact on 
parasite distribution and abundance (Hudson & Dobson 1995; Moss et al. 1993; Shaw et 
al. 1989). 
Generally animal parasitic nematodes do not multiply within their hosts; transmission to a 
new host must occur before the life cycle can be completed. Parasitic species usually 
possess a resting stage and only continue developing once a suitable host is found 
(Wharton 1986). Parasitic nematodes have a very high level of fecundity, which offsets 
the significant losses of juvenile parasites. These losses are often reduced by passage 
through an intermediate host or effective resistant or resting stages (Wharton 1986). The 
sheltered and nutrient-rich environment provided by the host allows parasites to 
maximise fecundity with a minimum adverse effect on adult survival (Calow 1983). 
Genetically determined differences between the ability of individuals to develop 
resistance to infection contribute to this aggregation (Brindley & Dobson 1981; Wakelin 
1996). Young individuals, or those who are pregnant or lactating tend to more 
susceptible to infection; this means that reproductively active females are a primary 
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4.1.6 Host-Parasite Population Dynamics 
Parasitism can be considered an interaction between the host and parasite populations. 
Parasitism may act as a density dependent regulator of the host population (Anderson 
1978). Generally, the distribution of parasites within a host population is not random -
instead the parasite population tends to be aggregated or overdispersed, with a significant 
proportion of the parasites infecting a few hosts, and the majority of potential hosts 
lightly infected, if at all (Anderson & Gordon 1982; Poulin 1998; Shaw & Dobson 1995). 
The aggregated distribution of parasites increases the efficiency of density-dependent 
regulatory processes and the overall stability of the host-parasite system (Anderson & 
May 1978; May & Anderson 1978). These processes tend to result in density-dependent 
negative feedback mechanisms regulating both the host and parasite populations (Hudson 
et al. 1998; Shostak & Scott 1993; White & Grenfell 1997). 
The distribution of the parasite population within the host population is aggregated for a 
number ofreasons (Poulin 1998). Hosts are not usually randomly distributed throughout 
their range, so exposure to infection may also be non-random in nature, even if infective 
stages of parasites are randomly distributed (Keymer & Anderson 1979). If hosts are not 
distributed at random, it is probable that infective stages released by infected hosts will 
also be aggregated. Often infective stages are released in pulses, which will increase 
aggregation, and may utilise intermediate hosts that are also aggregated in their 
distribution. This spatial variability will have a significant effect on measured 
aggregation (Anderson & Gordon 1982; Grenfell et al. 1995b). 
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Differences in exposure to infective stages will be compounded by differences in 
susceptibility of hosts (Anderson et al. 1978), as a consequence of differences in 
behaviour, physiology, morphology, or immunocompetence (Grenfell et al. 1995a,b; 
Lloyd 1995; Wakelin 1996). Distribution patterns may change with age (Pacala & 
Dobson 1988), social status (Halvorsen 1986), or gender (Boag & Kolb 1989). 
4.1.6.1 Measuring Parasite Frequency Distributions 
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Many records of parasite frequency distributions from post mortem examinations are 
present in the literature, but there are problems associated with this approach (Smith et al. 
1995). Counting errors are common, especially with smaller parasites, which may be 
difficult to detect (Smith 1994). These difficulties are enhanced when dealing with 
indirect measures of parasite distribution, such as faecal egg counts or hormone or 
antibody assays (Smith et al. 1995). 
It can also be difficult to obtain a representative sample of hosts, especially in the case of 
rare or protected species like the Yellow-Eyed Penguin. This may lead to a certain sex or 
age group being under- or over-represented. This may occur due to chance events, or a 
number of reasons such as behavioural differences, or variation in susceptibility to 
infection, morbidity, or mortality (Smith et al. 1995). 
Sampling bias may play a significant role in measured parasite aggregation. Both the 
mean and variance of the parasite distribution will change over time and space, and the 
pattern of this distribution can be influenced by a small number of heavily infected hosts 
which may be missed in studies involving small sample sizes (Smith et al. 1995). 
? 
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4.1.6.2 Parasite Aggregation and the Negative Binomial Distribution 
Parasite aggregation within the host population can be measured by a number of 
parameters. The simplest of these to calculate is the variance:mean ratio. A 
variance:mean ratio greater than one indicates parasite aggregation or overdispersal 
within the host population, a ratio equal to one indicates a random distribution, and a 
variance:mean ratio less than one suggests an under-dispersed population (Crofton 
1971a). 
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If parasites are aggregated, the parasite distribution can be described by the negative 
binomial distribution (Bliss & Fisher 1953). This distribution is defined by the arithmetic 
mean and a positive exponent k. The parameter k acts as an index of aggregation; as k 
tends toward zero aggregation increases, while as k approaches values of eight or more, 
the negative binomial distribution converges with the Poisson distribution. The Poisson 
distribution is used to describe random distributions (Bliss & Fisher 1953). 
Another more recent measure of parasite aggregation is the index of discrepancy, D 
(Poulin 1993). This produces a number between zero and one, where zero indicates no 
aggregation, and one indicates all parasites being present in the one host. 
4.1.6.3 Density Dependent Processes 
Density-dependent processes act on both the parasite and the host. Density-dependent 
processes that act on parasites affect establishment in the host, parasite development and 
maturation, adult survival and fecundity, and duration of dormancy (Keymer 1982; 
Shostak & Scott 1993). These may act on the parasites in the intermediate or definitive 
hosts, and are capable of constraining population growth if they affect a large enough 
proportion of the parasite population (Keymer 1982). The aggregated nature of parasites 
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enhances these effects, as the large proportion of parasites present in a small number of 
heavily-infected hosts are exposed to these density dependent processes, resulting in 
increased parasite mortality and/or lowered fecundity (Hudson & Dobson 1995). 
Many effects of parasites on host survival and fecundity occur due to density-dependent 
processes. When parasites impact upon host survival more than fecundity, the parasites 
may regulate the host population to a steady density, especially if they are highly 
aggregated. Systems in which parasites impact more upon host fecundity may show 
cycles of host and parasite abundance, especially when parasites are poorly aggregated 
(Anderson & May 1978; May & Anderson 1978). 
The condition of the host may also play a significant role in mediating parasite density. 
Malnourished hosts are often less able to mount an effective immune response, which 
consequently affects density dependent depression in worm fecundity (Lloyd 1995). A 
host able to mount a strong immune response is capable of significantly reducing 
infection intensity and parasite fecundity, while an immunocompromised host may carry 
a high parasite burden of parasites with high fecundity (Gulland 1992). 
If the reduction in host survival and fecundity caused by helminth parasites reduces the 
growth rate of the host population in a density dependent manner, the parasites will 
regulate host population density (Hudson & Dobson 1995). The difficulty of 
demonstrating the occurrence of regulation in a natural situation means that no wild 
population has been examined sufficiently to determine if parasites actually regulate host 
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In laboratory situations, studies have shown that parasites are capable of significantly 
reducing the size of the host population. In captive situations, high-density host 
populations produce increases in parasite burdens that limit host survival and fecundity 
(Scott 1987a,b; Scott & Anderson 1984). 
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One of the best reported cases of parasites influencing host fecundity leading to 
oscillations in host numbers is the infection of red grouse (Lagopus lagopus scoticus) by 
the parasitic nematode Trichostrongylus tenuis. This nematode reduces host fecundity, 
leading to an unstable host-parasite system and oscillations in parasite and host numbers. 
Grouse mortality and breeding losses are positively correlated with nematode burdens 
(Hudson et al. 1985, 1992a). 
In Soay sheep a similar situation is considered to exist, but the host-parasite cycle is 
superimposed on a cycle between the sheep and their food resources. This makes it 
effectively impossible to determine the relative importance of parasites and food shortage 
during fluctuations in the sheep population (Grenfell et al. 1992; Gulland 1992; Read et 
al. 1995). 
4.1.7 Macroparasites of Penguins 
The parasite fauna of the Yellow-Eyed Penguin is described in Section 1.5, but a number 
of macroparasites have been reported in other penguin species. Many of these have been 
identified solely from juvenile stages and some species may be accidental or 
opportunistic occurrences after being ingested in food (Clarke & Knowles 1993). 
Nematodes are the most commonly detected gastrointestinal parasites. Stegophorus 
macronectes has been recovered from Adelie (Pygoscelis adeliae ), Rockhopper 
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(Eudyptes chrysocome), Gentoo (P. papua) and Macaroni (Eudyptes chrysolophus) 
Penguins (Johnston & Mawson 1945; Mawson 1953). Stomachus spp. has been 
recovered from the stomachs of Gentoo and Royal (Eudyptes schlegeli) penguins 
(Mawson 1953), and at least five species of Contracaecum (C. antarcticum, C. eudyptes, 
C. eudyptulae, C. heardi and C. rudophi syn. C. spiculigerum) have been recovered from 
a number of Antarctic and sub-Antarctic penguin species, as well as Little Blue Penguins 
(Eudyptula minor) in Australia (Harrigan 1992; Johnston & Mawson 1945; Mawson 
1953; Mawson et al. 1986; Norman et al. 1992; Obendorf & McColl 1980). Other 
nematodes recovered from Rockhopper Penguins include Anisakis spp. (Mawson et al. 
1986), Cosmocephalus o_pvelatus (Azuma et al. 1988) and Tetrameres wetzeli (Schmidt 
1965). Little Blue Penguins have also found to be infected by Corynosoma spp. and an 
unidentified filarid worm (Mawson et al. 1986). 
Little Blue Penguins have also been found to carry a number of trematodes including 
Galactosomum angelae (Obendorf & McColl 1980), Renicola sp. (Obendorf & McColl 
1980), Mawsonotrema eudyptulae (Harrigan 1992; Norman et al. 1992) and an 
echinostome, possibly Echinostoma or Hydrodermia (Crockett & Keams 1975). The 
trematode Cardiocephalus physalis has been recovered from Magellanic (Spheniscus 
magellanicus) (Lutz 1926), Humboldt (S. humboldti) (Dubois & Rausch 1960) and 
African Black-Footed Penguins (S. demersus) (Randall & Bray 1983). 
Representatives of two genera of cestodes have been recovered from penguins. 
Parochites zederi has been recovered from Adelie, Emperor Penguins (Aptenodytes 
forsteri) (Prudhoe 1969) and Rockhopper Penguins (Johnston 1938). Several species of 
the genus Tetrabothrius have been recorded in penguins. T. wrighti has been found in 
) 
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Emperor Penguins and T pauliani from King (A. patagonicus) and Gentoo Penguins 
(Prudhoe 1969). T lutzi has been recovered from Magellanic and Little Blue Penguins 
(Prudhoe 1969). An unidentified species of Tetrabothrius has also been recovered from 
Little Blue Penguins (Harrigan 1992; Norman et al. 1992; Obendorf & McColl 1980). 
These parasites can contribute to mortality, especially when combined with nutritional or 
other forms of stress. C. physalis infection in the small intestine has been reported to 
cause the deaths of African Black-Footed Penguins (Randall & Bray 1983). Parasites are 
considered to have been a major contributing factor in the deaths of a large number of 
Little Blue Penguins in Australia (Harrigan 1992; Norman et al. 1992; Obendorf & 
McColl 1980). Damage to the liver caused by M eudyptulae and gastric ulceration 
associated with Contracaecum sp. was deemed to be the most severe of these. Serious 
parasitism appeared to occur mostly in juvenile birds, and it has been hypothesised that 
adult birds benefited from a degree of immunity acquired after previous exposure 
(Harrigan 1992). 
Fleas, lice and ticks are common ectoparasites of penguins in the wild (Clarke & 
Knowles 1993). The tick Ixodes uriae has been found on no less than eleven species of 
penguin (Hawkey et al. 1989; Murray & Vestjens 1967; Murray et al. 1990; Zumpt 
1952). The Little Blue Penguin is also parasitised by 1 kohisi (Harrigan 1992; Obendorf 
& McColl 1980), I eudyptidus (Murray et al. 1990) and 1 percavatus (Reilly & 
Balmford 1975). Ornithodorus capensis parasitises Little Blue and African Penguins 
(Hoogstraal et al. 1985; Murray et al. 1990), while 0. spheniscus is found on Humboldt 
Penguins and 0. yunkai on Galapagos Penguins (S. mendiculus) (Hoogstraal et al. 1985). 
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Royal Penguins appear to be the species worst affected by I uriae, and heavy infestations 
may kill or contribute to the death of penguin chicks and even adults (Clarke & Knowles 
1993). The genus Ornithodorus affects penguins from tropical and temperate regions, 
and it has been suggested that 0. spheniscus may cause Humboldt penguins to abandon 
their nests (Hoogstraal et al. 1985). 
Biting lice have been found on all sub-Antarctic and Antarctic penguins (Clarke & 
Knowles 1993). These lice remain permanently on the bird, living and breeding on their 
host, eating feathers or skin debris (Ash 1960). Apart from Nesiotinus demersus infesting 
the King Penguin, these lice are representative of the genus Austrogoniodes (Crockett & 
Kearns 1975; Harrigan 1992; Murray et al. 1990; Pilgrim & Palma 1982). An 
unidentified mite has also been recovered from the Little Blue Penguin (Crockett & 
Kearns 1975). 
A number of species of flea have also been recovered from penguins. Only the adult flea 
visits the bird to breed, and these fleas are easily seen on the brood patch of affected 
penguins (Murray & Vestgens 1967). Fleas must spend part of their lifecycle off the host 
and they have not been found on Antarctic penguin species, as they need a nest 
environment with suitable protection from the weather (Clarke & Knowles 1993). Apart 
from Listronius robertsianus, which infects Magellanic Penguins, the fleas of penguins 
are all representatives of the genus Parapsyllus. Little Blue Penguins are infested by as 
many as four species of flea, P. longicornis, P. australiacus, P. jacksoni and P. taylori 
(de Meillon 1952; Murray et al. 1990; Obendorf & McColl 1980). 
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4.1.8 Aims 
The intention of this chapter is to identify the parasites recovered from adult Yellow-
Eyed Penguins, and to briefly examine the distribution of these parasites. The 
distribution is measured in terms of the prevalence, intensity and aggregation of the 
parasite population within the sample host population. The relationships between the 
host parasite burden and sex are discussed. 
4.2 Methods 
4.2.1 Dissection of Penguins 
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Twenty Yellow-Eyed Penguin carcasses were obtained from the Otago Museum. These 
birds had been collected from a number of locations in the Otago/Southland region over 
the course of the last fifteen years, and were in varying states of preservation. Birds were 
weighed and measured, and where present the band number was noted. Before 
dissection, birds were examined for ectoparasites. 
During the dissection the likely cause of death was noted, and the bird was sexed. All 
organs were examined for the presence of endoparasites by dissection under a dissection 
microscope (Leica GZ6). The intestinal tract was separated into the oesophagus, 
proventriculus, stomach, small intestine and large intestine, then dissected for parasites. 
As stated in Section 3.2.1, blood samples were taken from sixteen of the birds studied in 
this chapter to determine if they were seropositive for avian malaria. 
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4.2.2 Identification of Parasites 
After collection, parasites were measured, stored in 70% ethanol, and stained using a 
variety of techniques. Most of the parasites were distorted and unable to be straightened. 
Parasites were measured with a piece of string, which was in tum measured to the nearest 
millimetre. 
Different clearing techniques were used in an attempt to achieve the best possible results. 
Glycerine was used to clear some nematodes. Specimens were placed in a dish of the 
following solution: 21ml of 95% ethanol, 1ml glycerine and 79ml distilled water. This 
dish was placed on a support in a closed container containing 95% ethanol. The 
container was kept at 40°C for 16 hours. The dish was then filled with a solution of 5 
parts glycerine in 95 parts of 95% ethanol and placed in a partially closed petri dish kept 
at 40°C until the alcohol had evaporated. This left the specimens in pure glycerine. 
Another technique utilised involved clearing specimens in xylene. Specimens were 
dehydrated overnight in absolute ethanol, then transferred through hourly changes of 
mixtures of one part xylene to three parts absolute ethanol, equal parts of xylene and 
absolute ethanol, and three parts xylene to one part absolute ethanol. Samples were then 
transferred into pure xylene for three changes, each change of one hour's duration. The 
samples were then left overnight in a fresh solution of pure xylene. 
Some specimens were cleared using lactophenol, which acts quickly to clear specimens. 
Extended immersion in this solution damages the specimens, so after clearing, the 
lactophenol was washed out using 70% ethanol. 
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Nematodes were stained using acid carmine red. After dehydration in 70% ethanol, each 
specimen was left in 1 % acetic acid carmine red stain for approximately one hour. 
Specimens were then destained using 1 % acid alcohol solution, and then washed in 70% 
ethanol. Dehydration in ethanol was performed by passing specimens through hourly 
changes of 70%, 85%, 95% and 100% ethanol. After a further two changes of 100% 
ethanol, specimens were cleared overnight using cedar oil. 
Parasites were examined under the dissecting microscope (Leica GZ6) and a Zeiss 
Axiophot Photomicroscope. Parasites were also mounted for examination using 
Scanning Electron Microscopy (as described in section 4.2.3). A number of sources were 
used to identify the parasites where possible (Crompton & Nickol 1985; Hartwich 1974; 
Petrochenko 1971; Willmott & Chabaud 1974; Yamaguti 1961, 1963). Acanthocephala 
were also sent to Dr Lesley Warner (Central Queensland University) for identification. 
4.2.3 Preparation of Specimens for SEM 
Sample specimens of both nematodes and acanthocephalans recovered from Yellow-
Eyed Penguins were prepared for Scanning Electron Microscopy (SEM) by dehydration 
in ethanol. Specimens were passed through changes of 70%, 85% and 95% ethanol, for 
fifteen minutes in each solution. This was followed by three changes of 100% ethanol for 
thirty minutes per change. Samples were then critical point dried using a Bal-Tee critical 
point dryer. 
Following dehydration and drying, specimens were mounted on aluminium stubs and 
sputter coated with a combination of gold and palladium. Prepared samples were viewed 




Chapter Four-Macroparasites of the Yellow-Eyed Penguin 86 
4.2.4 Measurement of Parasite Distribution 
Parasites were counted and their general locations within the host noted. The distribution 
of the parasite population within the host population can be described in several ways, 
including some simple measurements. The first of these is parasite prevalence, which 
describes the proportion of potential hosts that are infected by a given parasite species. 
The second is parasite intensity, which is the average number of parasites present in an 
infected host. The mean number of parasites present in the total sample population 
(including uninfected hosts) is known as the parasite abundance of the infection (Crofton 
1971a). 
Parasite aggregation was measured using the variance to mean ratio. The fit of the 
observed distribution to the Poisson distribution was determined using the chi-square test 
for goodness of fit (Bliss & Fisher 1953; Crofton 1971a). 
4.2.5 Effects of Parasites on Host Survival and Fecundity 
Records are kept showing the age and reproductive success of banded birds. The 
intention was to use this data to relate the annual reproductive success of the host 
(number of chicks fledged) to parasite burden. Because of the heterogeneous nature of 
the birds examined, and the lack of breeding data for the majority of these birds, no 
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4.3 Results 
4.3.1 Identification of Parasites 
Accurate identification of the parasites collected was very problematic. The 
Acanthocephala were identified as Corynosoma hannae (Zdzitowiecki 1984). 
Identification was difficult as all specimens were collected were small in size and 
immature (L. Warner, pers. comm.). The definitive hosts of these parasites are seals, 
which are parasitised by eating infected fish (Valtonen & Helle 1988). 
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The most prominent taxonomic feature used to identify these parasites is the number, 
size, and arrangement of hooks on the proboscis. C. hannae also has hooks on much of 
its body, another identifying feature. This parasite is shown below in Figure 4.1. 
FIGURE 4.1: Scanning Electron Micrograph of the Acanthocephalan Corynosoma 
hannae. Scale Bar= 500µm 
The nematodes found in the majority of the penguins sampled were in poor condition. 
Some penguins had been found on the seashore after several days on the beach (J. Darby, 
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pers. comm.), and considerable autolysis of host tissues and parasites had occurred. The 
nematodes identified appeared to belong to the Superfamily Ascaridoidea, Family 
Anisakidae, Subfamily Anisakinae, genus Contracaecum. 
Most nematodes were unidentifiable, discoloured, and suffering physical damage due to 
lysis. It is likely that most, if not all, of the nematodes belonged to genus Contracaecum, 
although larval Pseudoterranova decipiens (Ascaridoidea: Anisakidae: Anisakinae) have 
been recorded from Yellow-Eyed Penguins on the Otago Peninsula in the past (D. 
Wharton, pers. comm.). Given the condition of the majority of the specimens collected, 
differentiating between these genera of larval nematodes was impossible. 
A total of nineteen adult nematodes were identified, all of which were found to belong to 
the genus Contracaecum. Eight of these nematodes were male, the remainder female. 
The largest female nematode was 59mm long, the longest male 51mm. The only species 
of adult nematode previously reported from the Yellow-Eyed Penguin is C. eudyptes 
(Johnston & Mawson 1953), and for the purposes of analysis, the unidentified parasites 
were assumed to be the same species. Photomicrographs of this nematode are shown 
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FIGURE 4.2: Light Micrograph of the Nematode Contracaecum eudyptes (a) Head 






Ectoparasites were only found on one live bird and none of the dissected birds. This bird 
(band number 13300), was discovered in the field while blood sampling. It was in a 
severely weakened state post-moult, and died the following day. Collected lice were 
identified as Austrogoniodes conci by Ricardo Palma (Curator of Entomology, Te Papa, 
Wellington). A complete count was not made, as the bird was immediately taken for 
treatment, but an estimate was made of about two hundred ectoparasites. The lack of 
ectoparasites is not unusual in the Yellow-Eyed Penguin population (J. Darby, pers. 
comm.). 
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4.3.2 Distribution of Parasites 
Fourteen of the twenty birds sampled were infected with nematodes, with a total of 410 
nematodes collected, with a range of 1 to 232 parasites per infected bird. 92% of the 
nematodes collected were found in the oesophagus and proventriculus/stomach. Twelve 
birds were infected with acanthocephalans, 246 acanthocephalans being collected from 
these birds. As few as one, and as many as eighty-seven Acanthocephala were collected 
from infected birds. 95% of these parasites were located in the intestine, evenly 
distributed between the small and large intestine. 
The data from these dissections is presented in Appendix Four. The population 
distribution parameters of these parasites are summarised in Table 4.1. Values in 
brackets represent standard errors. Table 4.1 shows that both the nematodes and 
acanthocephalans appear to be aggregated in the sample host population, as the 
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TABLE 4.1: Helminth Population Distribution Parameters 
Nematodes Acanthocephalans 
Total Parasites 410 246 
Range 0- 232 0 - 87 
Prevalence 0.7 0.6 
Intensity 29.3 (±13.4) 20.5(±5.4) 
Abundance 20.5(±11.5) 12.3(±4.7) 
Variance:Mean Ratio 129.3 37.5 
Comparing the observed distribution to the Poisson distribution using chi-square analysis 
indicated that the nematode population is distributed in a non-random manner within the 
host population (x2 = 2457.12, DF = 19), as is the acanthocephalan population (x,2 = 
750.875, DF = 19). The reduced degrees of freedom caused by the 'clumping' of data in 
situations where expected X,2 values are low. 
Analysis of the parasite distribution within the host population showed that the sex of the 
host was not a significant factor in the distribution of nematodes (F 1,1 8 = 1.59, p = 0.223) 
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that there could be considered to be some influence of sex on overall parasite load (F 1,18 = 
4.25, p = 0.054). This is illustrated in Figure 4.3. 
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FIGURE 4.3: Comparison of Total Parasite Load Between Host Sexes. Bars represent 
standard errors. 
4.3.3 Impact of Parasites upon Their Hosts 
There was no sign of any gross pathology caused by the parasites found in the Yellow-
Eyed Penguin in this study. The one exception to this statement is the bird (autopsy 
number 1031 ), which contained 232 nematodes. More than 90% of these were found in a 
bolus located in the oesophagus of the bird. There was a degree of inflammation in this 
I_ 
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area, but there was no sign of more major pathological symptoms. Although the cause of 
death remains unknown, the bird weighed 4.7kg, well above the starvation threshold. It 
should be noted however that recognising pathological changes can be difficult in 
material that has been frozen and thawed, especially if it is in poor condition, as much of 
the material in this study was. 
Three birds examined did die of starvation, weighing less than three kilograms. Two of 
these birds were unparasitised, while the other was host to 43 nematodes. Predators 
killed two birds of the birds examined. One of these was infected with 18 nematodes and 
a sole acanthocephalan, while the other was infected with 37 acanthocephalans. 
4.4 Discussion 
4.4.1 Identification of Parasites 
The parasite fauna of the Yellow-Eyed Penguin appears to be quite depauperate in both 
species and abundance compared to the Little Blue Penguin (Eudyptula minor) (Clarke & 
Knowles 1993). Only one species of acanthocephalan, one species of nematode, and one 
species of ectoparasite were recovered from live birds or dissected birds. The 'seal 
worm' Pseudoterranova decipiens has also been reported from the Yellow-Eyed Penguin 
in Otago, but this species, a parasite of pinnipeds, does not mature in avian hosts. The 
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4.4.1.1 Acanthocephala 
The genus Corynosoma is one of the largest known among the Palaeacanthocephala 
(Valtonen & Helle 1988), consisting of about 35 species (Ryzhikov et al. 1985). This 
genus parasitises aquatic birds and mammals, crustaceans acting as initial intermediate or 
paratenic hosts, then fish acting as a second intermediate host. The lifecycle is completed 
when piscivorous birds or mammals eat the parasitised fish. Generally, Corynosoma are 
facultative or accidental parasites of birds, rather than obligate avian parasites 
(Petrochenko 1971). 
The acanthocephalan Corynosoma hannae is usually a parasite of seals. The species was 
first described from the large intestine of Leopard Seals (Hydrurga leptonyx) from the 
South Shetlands, in the Antarctic (Zdzitowiecki 1984). It has also been isolated from a 
New Zealand fur seal (Arctocephalusforsteri) from the Otago Peninsula (L. Warner, 
pers. comm.). The examples found in the Yellow-Eyed Penguin were immature, less 
than 3mm in length, and showed no signs of sexual maturity. Mature males can grow to 
more than 4mm, while the slightly larger females grow to nearly 6mm. Given the lack of 
sexual features for classification, the arrangement and shape of the proboscis hooks, the 
general body morphology and trunk spination were used for identification (L. Warner, 
pers. comm.). This species appears to be confined to the Southern Hemisphere 
(Zdzitowiecki 1984), although the geographical range has not been fully determined. 
Acanthocephalans possess relatively low host-specificity (Hoberg 1986), and can utilise a 
wide variety of paratenic hosts (vertebrate and invertebrate), and can use the same host as 
an intermediate or a definitive host, depending on conditions at the time of infection 
(Cheng 1986). 
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While there is some controversy about whether the Acanthocephala have reached the 
distinction of phylum status, and what taxonomic groups they are related to and may have 
originated from, there is no dispute within the group as to the general classification of 
parasites, although changes are suggested from time to time and new species are still 
being discovered (Amin 1985; L. Warner, pers. comm.). It is reasonable to assume that 
the unidentified acanthocephalans isolated from Yellow-Eyed Penguin chicks (Ranum 
1993; Ranum & Wharton 1996) were also representatives of the genus Corynosoma, 
probably the same species. 
4.4.1.2 Nematoda 
The adult nematodes were identified as belonging to the Contracaecum, probably C. 
eudyptes. This genus is a member of the superfamily Ascaridoidea, a group of medium 
to large nematodes that generally inhabit the stomach and intestine of their definitive 
host, consuming food ingested by the host (Barus et al. 1978). The two major families of 
the Ascaridoidea are the Anisakidae and the Ascarididae. The Anisakidae are parasites of 
mammals, birds, reptiles and fish, and include the genera Anisakis, Pseudoterranova, and 
Contracaecum (Anderson 2000). 
Generally ascaridoid eggs are unembryonated when laid, and develop once they are 
passed into the environment in the hosts' faeces. Ascaridoids are basically heteroxenous, 
using intermediate hosts in the development cycle. Invertebrate paratenic hosts act to 
place nematode larvae in the food chain of the vertebrate intermediate host, where 
development to the stage infective to the definitive host occurs. 
Contracaecum is a genus of the family Anisakidae, subfamily Anisakinae. The definitive 
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ingested by the host. When not feeding on ingesta, they attach to the host's stomach 
wall. Unembryonated eggs are deposited in the stomach and passed out in the faeces of 
the host. Once in water, eggs embryonate into first-stage larvae, then hatch into free-
living second stage larvae, which are ingested by invertebrates, especially copepods. 
Once they reach the intermediate host fish, Contracaecum spp. develop into third stage 
juveniles, maturing once they reach the definitive host (Anderson 2000). 
There are more than 50 species in the genus Contracaecum (Cheng 1986), four of which 
have been identified in penguins: C. eudyptes (Johnston & Mawson 1953), C. heardi 
(Mawson 1953), C. eudyptulae (Johnston & Mawson 1944), and C. spiculigerum 
(Harrigan 1992). The last of these species is cosmopolitan in distribution, infecting a 
large number of bird species (Anderson 2000). This is a common feature of ascaridoid 
nematodes, which are often difficult to identify morphologically, and in many cases 
cannot be considered to be host-specific (Nascetti et al. 1993). The species within the 
genus Contracaecum are difficult to classify accurately (Fagerholm 1988; Valtonen et al. 
1988), leading to increasing use of molecular techniques to identify these parasites 
(Nascetti et al. 1993). 
C. eudyptes has been recorded in the Rockhopper Penguin (Eudyptes crestatus) as well as 
the Yellow Eyed Penguin. Johnston & Mawson (1953) recorded these parasites from 
birds caught on the Auckland Islands. In this study, I found male nematodes 
approximately the same size as females, reaching 51mm and 59mm respectively, while 
the males recovered by Johnston & Mawson (1953) were 20mm or less in length. The 
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Penguin; it is likely the parasites recovered by Johnston & Mawson (1953) were 
immature. 
C. eudyptes differs from C. eudytulae in the form of the lips and the relative proportions 
of the parts of the alimentary tract, and from C. spiculigerum mainly in the form of lips 
(Johnston & Mawson 1953). The state of many specimens recovered in this study made 
differentiation difficult in many cases, but for the purposes of this study it was assumed 
that the unidentifiable parasites were the same species as those that were identified. 
Australian E. minor suffer from infections of Contracaecum spiculigerum, the liver fluke 
Mawsonotrema eudyptulae, trematode Renicola sp., and cestode Tetrabothrius sp., which 
appear capable of killing their hosts (Harrigan 1992). Other parasites recorded from 
mainland New Zealand E. minor include Contracaecum sp., Echinostoma sp., and 
Hydrodermia sp. (Crockett & Keams 1975) and an unidentified cestode, possibly 
Tetrabothrius sp. (A. Hocken, pers. comm.). Interestingly, the endoparasite fauna of 
southern E. minor is much poorer than that of northern E. minor in both species 
abundance and parasite prevalence and intensity (A. Hocken, pers. comm.). 
4.4.1.3 Ectoparasites 
Ectoparasites are rarely recovered from Yellow-Eyed Penguins (J. Darby, pers. comm.). 
In the past, one species of tick Ixodes uriae (Dumbleton 1953), one flea Parapsyllus 
longicornis (Murray et al. 1990) and two species of lice, Austrogoniodes conci and A. 
cristati sensu lato (Pilgrim & Palma 1982) have been collected from these birds. One of 
the easiest ways to differentiate these lice species is on the basis of size, as adult A. 
cristati are similar in size to an Austrogoniodes conci nymph (R. Palma, pers. comm.). 
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One live bird was found to be suffering from an infestation of Austrogoniodes conci in 
the field, but none of the dissected birds were parasitised by ectoparasites. It is rare to 
find ectoparasites on any but the most recently deceased hosts, as most ectoparasites 
rapidly abandon dead hosts (Clayton & Walther 1997). The lack of ectoparasites on 
dissected birds was therefore no surprise. Given the rarity of finding ectoparasites on live 
birds, it appears that they pose little threat to the Yellow-Eyed Penguin. 
4.4.2 Parasite Distribution Patterns 
Although they have been sub-divided here, differences in host age, sex, season, and year 
effectively represent continuous, interrelated variables (Esch et al. 1990). Annual and 
seasonal variations in parasitism are not addressed in this study, as any attempt to draw 
conclusions of this nature would be spurious on the basis of this data set alone. The fact 
that the ages of most of the birds dissected was unknown and that there was considerable 
variation in the ages of known birds meant that no meaningful analyses could be 
undertaken to examine the effect of age on parasitism. 
Virtually all of the nematodes recovered from dissected birds in this study were located in 
the oesophagus and proventriculus or stomach, while all of the acanthocephalans were 
found in the intestine. There is no evidence to suggest that this is an active process 
involving competitive exclusion, but may indicate preferential site selection (Esch et al. 
1990). 
The average nematode burdens found in this study were slightly heavier than Ranum 
(1993) found in his study of Yellow-Eyed Penguin chicks (15.8 nematodes per chick)-
mainly due to one bird (Appendix Four), while the acanthocephalan infections are much 
/ 
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heavier than those found in chicks (0.2 acanthocephalans per chick). In Ranum's (1993) 
study, nineteen of the twenty chicks examined were infected with nematodes, while only 
two chicks were infected with acanthocephalans. It is impossible to determine whether 
these differences are biologically significant or what factors drive them, but in both 
chicks and mature birds, the mean recorded parasite burdens appear to be relatively low. 
4.4.2.1 Parasite Aggregation 
Both parasite species appear to be aggregated in the penguin population. One bird held 
more than half the nematodes recovered, while six birds were unparasitised; two 
penguins held more than half the acanthocephalans while seven birds were uninfected by 
these parasites. Parasites are usually aggregated within the host population (Crofton 
1971a,b; Shaw et al. 1998). This can be viewed as a dynamic process in which factors 
leading to underdispersion (parasite mortality, density-dependent processes and parasite-
induced host mortality) conflict with those leading to overdispersion (heterogeneity in 
host susceptibility, direct reproduction within the host and heterogeneity in host 
defences). The magnitude of these factors can change over time, resulting in changes in 
parasite dispersion within the host population (Anderson & Gordon 1982). 
The high variance:mean ratio (Table 4.1) indicates that the parasite population was 
distributed very unevenly in the sampled host population, especially in the case of the 
nematodes. The variance:mean ratio is easy to calculate and understand, but one 
drawback of this statistic is that it increases linearly in relation to the mean number of 
parasites per host (Pacala & Dobson 1988). The variance:mean ratio is a host-oriented 
statistic, providing an estimate of the variation in infection intensities relative to the 
mean, but does not examine the distribution of the parasite itself in the host population 
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(Poulin 1993; Scott 1987a). The parameter k also varies as a function of parasite 
abundance, and is insensitive to the presence of heavily infected hosts; where sample 
means differ a lower k does not necessarily indicate higher aggregation, making k 
potentially useless when comparing different samples (Scott 1987a,b). Unfortunately the 
small size and heterogeneous nature of the sample population in this study meant that an 
accurate measure of aggregation could not be calculated. 
4.4.2.2 Sex and Parasitism 
The small sample size of this study meant that the one heavily parasitised female bird had 
a large impact on all statistics measuring parasite distribution. More than half of the 
Nematoda recovered in this study were from one female bird, leading to the large 
difference in mean nematode burden observed between the sexes. The fact that the 
majority of this difference was due to one bird means that the associated error 
measurement is very large and it is therefore difficult to make statistically valid 
conclusions using analysis of variance. Female penguins had consistently more 
Acanthocephala than males, the lowest-intensity female infection involving more 
parasites than all but one of the male infections. 
Although the difference in parasite burden between the sexes is large, especially when 
figures for nematodes and acanthocephalans are combined, it is not statistically 
significant. There is a significant body of literature examining differences in infection 
intensity between the sexes, especially in relation to the reproductive cycle and the 
associated hormone fluctuations and stress on the host. 
Generally speaking, there appears to be a slight trend towards higher levels of parasitism 
amongst males than are found in females (Schalk & Forbes 1997; Zuk & McKean 1996). 
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This bias does not occur among juveniles, suggesting that gender differences in 
parasitism occur due to differences in hormonally mediated immunosuppression and 
energy expenditure during the breeding season (Schalk & Forbes 1997). As well as the 
physiological basis for differences in parasitism between the sexes, behavioural 
differences may also play a role (Bundy 1988; Drobney et al. 1983). 
4.4.2.3 Host Age and Parasitism 
No measure of age-related levels of parasitism could be performed due to the limited data 
set. In this study, the ages of only nine of the twenty birds examined were known, seven 
of them between the ages of three and five years. Among these seven birds were the 
most- and least-parasitised hosts for which the age was known. These birds also died in 
different years, making the data suitable for neither accurate cross-sectional nor 
longitudinal analysis. These factors make it impossible to draw any meaningful 
conclusions about age-related parasitism in these birds. 
It is not uncommon for parasite diversity and burden to vary during the course of the 
host's lifetime, due to changes in host diet, the amount of food consumed, or changes in 
host immunocompetency (Esch et al. 1990). Studies have found an increasing (Threlfall 
1968), decreasing (Wallace & Pence 1986), or lack of association (Forrester et al. 1984) 
between host age and parasite prevalence and intensity. 
4.4.3 Impact of Macroparasites on the Yellow-Eyed Penguin 
In this study there was no clear evidence of parasites causing lesions or other physical 
damage to their hosts. Given the small sample size of this study, and the poor condition 
of many of the birds and parasites involved, such damage may be easily missed however, 
so no firm conclusions on this matter can be made from this study. The possibility of 
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microscopic lesions, biochemical imbalances or more subtle effects caused by these 
parasites cannot be ignored. 
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Studies of the Little Blue Penguin have shown that macroparasites can play a significant 
role in host mortalities and have been associated with weak and starving birds (Crockett 
& Kearns 1975; Harrigan 1992; Obendorf & McColl 1980). Large numbers of parasites 
from the Cestoda, Nematoda, and Trematoda have been associated with mortalities of 
these birds. No such relationship was present in this study, with parasites present in 
relatively low numbers, and no apparent association between parasite burden and the 
nutritional status of the host. 
4.4.3.1 Acanthocephala 
The Acanthocephala recovered in this study appeared to be only loosely attached to the 
intestinal wall, if at all. It is difficult to know if this is the case in living penguin hosts, a 
post-mortem artefact, or a result of autolysis of the penguin, parasite, or both. It is not 
unusual for parasites to change position in the host following the death of the host 
(Crompton 1973). 
Acanthocephala are quite capable of inflicting significant harm on their hosts, as the 
damage inflicted by the hooked proboscis may elicit an inflammatory response, followed 
by the deposition of fibrous material (Crompton 1973). The poor state of the samples 
involved in this study may make finding any such damage difficult to achieve however, 
so little can be read into the absence of any evidence of such damage. The damage 
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The acanthocephalan proboscis is capable of piercing and rupturing the lining of the host 
intestine, and in heavily infected hosts, acanthocephalans can absorb a significant amount 
of nutrients. In some cases, as few as one or two Acanthocephala are capable of causing 
significant harm to an avian host. The key appears to be whether the proboscis penetrates 
the gut wall - if this occurs, even a few acanthocephalans are capable of killing the host 
(Webster 1943). Acute infections of Corynosoma spp. may cause bloody diarrhoea and 
anaemia in mink, but are not normally pathogenic in their normal definitive hosts 
(Soulsby 1982). 
4.4.3.2 Nematoda 
The one exception to the statement that macroparasites inflict little, if any damage to their 
host, is the one bird which was infected with 232 nematodes (autopsy #1031). The vast 
majority of these parasites formed a bolus in the oesophagus of this bird. While the host 
otherwise appeared to be in good health and was a good weight ( 4.4kg), the area in which 
the nematodes were located appeared inflamed. This region was reddened in appearance 
and there was an unusual amount of mucous in the area. It is hard to see how these 
parasites could not interfere with the feeding of their host to some degree, assuming the 
parasites were located there when the host was living. 
This is an unusual location for Contracaecum species, as these are usually found in the 
proventriculus or stomach of their host (Anderson 2000; Huizinga 1971; Johnston & 
Mawson 1953), suggesting the possibility that these parasites may have moved within the 
host post-mortem (Crompton 1973). C. spiculigerum is found mainly in the 
proventriculus of cormorants, either attached to the mucosa, or loose in the lumen 
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(Huizinga 1971; Kuiken et al. 1999). These parasites consume food ingested by the host, 
attaching to the stomach wall while feeding (Anderson 2000). 
In cormorants, C. spiculigerum causes ulcers up to 15mm in diameter and 2mm in depth, 
and as well as a number of histological changes, can lead to haemorrhaging into the 
lamina propria and stomach lumen. These nematodes were not considered to be the 
primary cause of death of any of the birds examined, but may have caused debilitation of 
some hosts (Kuiken et al. 1999). There was certainly no sign of this pathology in the 
penguins studied. 
While nematodes of the genus Contracaecum are capable of inflicting considerable harm 
on their hosts (Ito et al. 1998), it appears from this sample that the numbers of nematodes 
present in most adult penguins do not represent a significant threat to the host at this time. 
4.4.3.3 Ectoparasites 
Ectoparasites do not appear to represent a threat to the Yellow-Eyed Penguin. While 
both ticks and lice have been found on these birds they are present rarely and in low 
numbers (J. Darby, R. Palma, pers. comm.; pers. obs.). Like all other bird lice, the louse 
species found in this study, A. conci, is a biting louse (Pilgrim & Palma 1982). 
These lice remain close to their host and appear to be very host and food specific (Ash 
1960). Small infestations of lice appear to have little effect on an individual, and 
generally healthy birds can use preening to keep louse numbers to a manageable level. 
Sick or injured birds are often infested more heavily than is usual for a bird of a given 
species, probably due to the inability of a weakened bird to effectively remove excess 
parasites (Ash 1960). This certainly appears to be the case in the parasitised bird found 
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in this study. This bird (band no. 13300) was found in a severely weakened state on 
Boulder Beach, barely able to stand, with the keel showing prominently, and weighing 
less than 2kg. This bird had been moulting, and it appears to have had insufficient 
reserves to survive this process in reasonable condition. 
During the moult, birds do not go to sea because of their reduced waterproofing and 
insulation. Penguins are sedentary during this time, surviving on reserves stored prior to 
the moulting period (Adams & Brown 1990). In the Yellow-Eyed Penguin, the moult 
takes an average of 24 days, with birds losing 45% of their pre-moult weight, 
approximately 19% of their normal weight for males, and 13-14% of their normal weight 
for females (Richdale 1957). Birds who complete the moult weighing at least 3.6kg 
generally survive the moult, while those weighing 3.2-3.6kg are at great risk. Very few 
birds completing the moult with a weight below this threshold survive the process 
(Richdale 1957). The parasitised bird recorded in this study was well under this weight 
threshold, and may have been unable to successfully remove the ectoparasites in its 
weakened state. The ectoparasites themselves were unlikely to have had an effect on the 
weight of their host bird (Ash 1960), and any impact on the survival of this host was 
probably incidental. 
Some ectoparasites are capable of causing considerable harm to their hosts, with 
consequent effects on host fitness (Chapman & George 1991), especially 
haematophagous parasites (Brown & Brown 1986). These parasites can cause harm 
through exsanguination, injection of salivary toxins, transmission of pathogens, damage 
to skin and feathers, and irritation (Lehmann 1992). The biting lice such as A. concii are 
considered to be significantly less harmful to their hosts (Clarke & Knowles 1993). 
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4.4.4 Conclusions 
While macroparasites have been shown to have a deleterious impact on the Little Blue 
Penguin (Harrigan 1992; Obendorf & McColl 1980), no such link has been made in 
regard to the Yellow-Eyed Penguin. There was no clear evidence in this study to suggest 
that macroparasites played a significant role in the deaths of the penguins examined. The 
majority of the penguins examined were infected with one or both helminth species 
identified, but generally at low levels of intensity. 
A previous study found similar levels of infection in Yellow-Eyed Penguin chicks and 
concluded that the presence of parasites did not measurably affect the growth of chicks in 
their study (Ranum 1993; Ranum & Wharton 1996). On the available evidence it is 
impossible to verify the effects of macroparasites on the health of Yell ow-Eyed Penguins, 
especially as many of these effects can be subtle, indirect, or occur over time. 
Parasites may cause problems at certain times or when birds are under some form of 
stress. Parasites are an important factor in assessing the interaction between an animal 
and its environment and cannot be dismissed as a factor in the poor rate of survival of 
chicks (Ranum & Wharton 1996) or in the survival of the species. Parasites should be 
considered when assessing the risks facing this species and their management. 
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Chapter Five: Potential Vectors of Avian Malaria 
5.1 Introduction 
For avian malaria to be present in the Yellow-Eyed Penguin population on Boulder 
Beach it is necessary for there to be a vector responsible for its transmission. There are a 
number of species of Plasmodium, and each species is spread by one or more mosquito 
species. The efficiency of transmission may vary depending on the species of 
Plasmodium and mosquito involved. The factors driving this specificity are poorly 
understood, although some aspects can be experimentally replicated (Billingsley & 
Sinden 1997). 
5.1.1 Lifecycle of Plasmodium Within the Vector 
When a mosquito ingests a blood meal, Plasmodium microgametocytes and 
macrogametocytes enter the alimentary tract. Any asexual parasites present in the blood 
meal are destroyed during digestion, while the gametocytes shed their erythrocyte 
envelopes and develop into male and female gametes, respectively termed microgametes 
and macrogametes (Bruce-Chwatt 1980). During this period, microgametocytes undergo 
a process known as exflagellation. While the length of time this process takes depends 
on the species involved and a variety of other factors such as temperature, it generally 
takes between two and thirty minutes to complete (Garnham 1966). 
In the stomach of the mosquito host, the micro gametes are attracted by macro gametes, 
which form a small projection through which the microgamete enters the macrogamete 
and completes fertilisation; the male and female gametes fuse, forming a zygote (Bruce-
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gradually lessens and ceases after about an hour (Garnham 1966). In the eighteen to 
twenty-four hours following fertilisation the zygote elongates and develops into a motile 
ookinete. This passes through the brush border of an epithelial cell of the mid-gut, 
entering the cell by liquefying its wall (Garnham 1966). Once it reaches the outer surface 
of the stomach, the ookinete settles, produces a thin cyst wall, and forms the rounded 
oocyst (Bruce-Chwatt 1980). 
The nucleus of the oocyst divides to form sporozoites, which are released once the oocyst 
matures and subsequently bursts. This occurs after a period of time between four and 
fifteen days. The number of sporozoites released again varies between species, but 
usually more than one thousand sporozoites are produced. These sporozoites invade 
much of the insect's body, but eventually reach the salivary glands. When the mosquito 
consumes another blood meal, the parasite is transmitted into the vertebrate host 
(Garnham 1966). 
There is evidence that Plasmodium has a negative impact on the mosquito host. Infection 
with Plasmodium may affect host behaviour (Bockarie et al. 1996; Koella & Packer 
1996; Wekesa et al. 1992). There is evidence to suggest that Plasmodium has a 
deleterious effect on the fecundity and survival of the mosquito host in the field (Hurd et 
al. 1995; Kittayapong et al. 1992; Lyimo & Koella 1992), but not all studies agree with 
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5.1.2 Mosquitoes and Avian Malaria 
Most of the mosquitoes which are able to act as vectors do not become infected by 
Plasmodium, even when they have fed upon an infected host (Medley et al. 1993). Some 
90% of the potential vectors of malaria remain uninfected, either because they are 
refractory to infection by the malaria parasite involved, or due to low infectivity in an 
otherwise susceptible mosquito. These naturally low levels of infection can make it 
difficult to determine the specificity of infectivity in a given system (Billingsley & 
Sinden 1997). 
Avian malaria parasites are capable of utilising a number of different mosquito species. 
These mosquito hosts are usually members of the generaAedes or Culex, and rarely 
Anopheles (Garnham 1966). P. relictum is capable of utilising a wide range of vector 
species, including members of the genera Culex, Culiseta and Anopheles (Reeves et al. 
1954). While able to utilise these hosts, P. relictum develops better in culicidine 
mosquitoes. These mosquito genera are more susceptible to infection and sporozoites are 
produced more rapidly than is the case in anopheline mosquitoes (Hunninen 1951). P. 
elongatum, the other malarial species found in penguins to date, is also transmitted by 
culicidine mosquitoes (Huff & Shiraishi 1962). This parasite does not seem to readily 
infect mosquitoes in the wild, and aedine and anopheline mosquitoes do not appear to 
transmit P. elongatum (Garnham 1966). 
5.1.3 Malaria-Mosquito Incompatibility 
The susceptibility of mosquitoes to infection with malaria varies with the species 
involved and a wide variety of biotic factors. The age of the mosquito and nutritional 
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state have long been known to affect susceptibility (Terzian et al. 1956), as do a number 
of heritable genetic factors (Ward 1963). 
The development of the malaria parasite can be halted at a number of stages within the 
mosquito host, preventing transmission of the disease. Exflagellation of the gametes 
from the gametocyte-infected erythrocyte occurs following a drop in temperature, and 
either a rise in pH or the addition of a mosquito factor as the blood passes from the host 
into the mosquito (Mendis et al. 1994). This is considered the stage which is least 
specifically regulated within the vector, but even so, Plasmodium elongatum cannot be 
transmitted by Aedes spp. or Anopheles spp. vectors due to an inability to exflagellate in 
the mosquito (Billingsley & Sinden 1997). There is circumstantial evidence to suggest 
that the malaria parasite differentiates between vector and non-vector mosquitoes through 
recognition of oligosaccharides on the midgut wall (Rudin & Hecker 1989). 
Biological factors within the vector may also block the development of the parasite from 
gamete to ookinete. For example, mosquitoes produce a chitin-based structure, the 
peritrophic matrix, around the blood meal immediately after feeding (Billingsley 1990). 
The type of peritrophic matrix produced and the timing of production varies between 
species (Billingsley & Rudin 1992), and is considered by some to be a major cause of 
malaria-mosquito incompatibility (Ponnudurai et al. 1988), although there is a lack of 
supporting evidence for this theory (Billingsley & Sinden 1997). 
Another factor to be considered is the insect immune response. This is generally non-
specific, directed against non-self organisms within the haemocoel. Identifiable immune 
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due to the difficulty in observing these events in the field. There is no evidence to 
suggest that mosquito species-specific refractoriness to malaria transmission occurs as a 
result of such a response (Billingsley & Sinden 1997). 
The final stage where malaria-mosquito incompatibility may occur is sporozoite invasion 
of the salivary glands. This event is species specific (Rosenberg 1985), possibly due to 
glycosylation of the salivary gland molecules (Barreau et al. 1995). Even following 
invasion mosquito species-specific mechanisms can alter sporozoite infectivity, 
preventing successful transmission (Noden et al. 1995), although the mechanisms behind 
this are unclear (Billingsley & Sinden 1997). 
5.1.4 Mosquitoes in New Zealand 
There are sixteen established species of mosquito in New Zealand, twelve native and four 
introduced (Belkin 1968; Heamden et al. 1999; Laird 1996). Eight of these have been 
recorded in Otago - Cu/ex pervigilans, Opifex fuscus, Aedes australis, A. antipodeus, A. 
subalbirostris, Culiseta tonnoiri, Mansonia tenuipalpis and M iracundus (Nye & 
McGregor 1964). Some of the species present in New Zealand are restricted to the north 
of the country, while A. subalbirostris is found only as far north as Dunedin. The 
Auckland Islands are the only New Zealand sub-Antarctic islands known to have 
mosquitoes, the native Culex pervigilans (Belkin 1968). 
There are several potential malaria vectors in the Otago region, such as C. pervigilans, 0. 
fuscus, A. australis and C. tonnoiri. C. pervigilans is closely related to C. 
quinquefasciatus, a species which can successfully transmit P. relictum (Huff 1965; Huff 
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distance of the seashore (Nye & McGregor 1964), which provides a great deal of potential 
for transmission to penguins. The mosquito Culiseta tonnoiri has been recorded feeding 
on Fiordland Crested Penguins at Jackson Bay (Crosby 1978), but has not been recorded 
in eastern Otago (Nye & McGregor 1964), so it is unlikely to be a vector for avian 
malaria in the Yellow-Eyed Penguin. 
5.1.5 Aims 
The goals of this chapter were to examine which mosquito species are present in the 
Boulder Beach area, which of these may feed on Yellow-Eyed Penguins and which are 
likely vectors of Plasmodium spp. in this system. Determining the prevalence of 
Plasmodium spp. in the local mosquito population may assist in evaluating the level of 
threat this parasite poses to the Yellow-Eyed Penguin. 
5.2 Methods 
5.2.1 Collection of Mosquitoes 
Three methods were used to collect adult mosquitoes. These were sticky trapping, pan 
trapping and the use of a net. Collection occurred throughout the year, although net use 
was confined to summer, when the number of mosquitoes and the potential threat posed 
by malaria was thought to be greatest. In addition, a soup ladle 'dipper' was used to 
sample larvae from water in the Boulder Beach environs (Service 1976). 
5.2.1.1 Sticky Traps 
Sticky traps were constructed using overhead transparency sheets coated with 
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covered will remain trapped. Traps consisted of a waratah placed in the ground, with a 
piece of wire midway up the waratah onto which a cylinder of coated plastic was placed. 
A second piece of wire twisted through the top of the waratah held the sticky trap in 
place. Traps were placed in areas where mosquitoes were observed to be present. A total 
of six traps were located in the Boulder Beach area. These traps were checked and 
replaced every ten days over the course of a twelve-month period from April 2000 to 
March 2001. The results of all traps were combined over the course of a month to 
produce monthly levels of mosquito activity. 
The advantage of these traps is also their greatest problem, as the Tanglefoot is very 
difficult to work with, and can only be dissolved using an organic solvent such as mineral 
turpentine, kerosene, or xylene (Murphy 1985). The contents of the traps were removed 
from the plastic using xylene. Unfortunately, this dried the specimens, making them 
brittle. This also made it impossible to examine the mosquitoes for the presence of 
malaria. Sticky trapping was continued in order to provide a measure of vector activity 
and to provide specimens for identification. However another technique was considered 
necessary to achieve the goals of this study and indicate which mosquito species are 
acting as vectors for avian malaria in the area. 
5.2.1.2 Pan Traps 
These consisted of white plastic bowls filled with water. A few drops of detergent were 
added to each trap in order to reduce the surface tension. Each trap was approximately 
twenty centimetres in diameter. These were placed in close proximity to the sticky traps. 
The light colour of the pan trap enabled them to act as a passive light trap, as adults 
would be attracted to the light colour then caught when they attempted to land on the 
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surface of the water (T. Harrison pers. comm.). These traps also catch mosquitoes that 
alight on the surface of the water to oviposit (Service 1976). 
The drawback with these traps was the difficulty of transferring samples from the trap to 
a container for transportation to the laboratory, in part because the specimens collected 
were very fragile following immersion in the pan-trap fluid. This is not uncommon with 
these traps, especially if they are not checked often (Service 1976). There is also some 
risk of evaporation drying out the traps, but no special measures were taken to prevent 
this. Although some traps did lose a significant volume of water, none dried out 
completely during this study. 
5.2.1.3 Net Collection 
Given the problems with the other trapping techniques, and concern with the low number 
of mosquitoes caught in comparison with the number of mosquitoes observed, it was 
decided to use a net to collect mosquitoes for examination for malaria. This simply 
involved sweeping the net through grass and foliage where mosquitoes appeared. 
Particular attention was paid to stream margins, as these areas appeared to possess the 
highest concentrations of mosquitoes. 
Following collection, specimens were killed in 70% ethanol and examined upon return to 
the laboratory. 
5.2.1.4 Dipper Sampling 
Potential mosquito breeding habitat, in the form of ephemeral pools, a floodwater pond, 
water-filled hollows and tire tracks and rock pools were sampled on each visit to check 
the sticky and pan traps where conditions were wet enough to result in these habitats 
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being present. The dipper used was simply a soup ladle with a capacity of 100ml. Any 
specimens caught were immediately placed in 10% formalin for storage and preservation. 
5.2.2 Identification of Mosquitoes 
Mosquitoes were identified following the classification keys of Belkin (1968), Miller and 
Phillips (1952) and Nye and McGregor (1964). The main attributes used to identify the 
mosquito species were the colouration, structure of the claws, the presence of spiracular 
and post-spiracular bristles and the structure of the male genitalia. 
Mosquitoes were sexed on the basis of the length of the palps, which are short in females 
and as long as the proboscis in males. Note that this latter feature is also present in 
female anopheline mosquitoes, but these have not become established in New Zealand 
(Heamden et al. 1999). 
5.2.3 Examination of Mosquitoes for Plasmodium 
Each female mosquito caught was examined for Plasmodium spp. Mosquitoes were 
dissected in order to detect the presence of sporozoites in the salivary glands and oocysts 
in the midgut. The techniques employed for this purpose were described by Garnham 
(1966). 
In order to examine the salivary glands, the wings and legs of the mosquito were removed 
and the remainder was placed on a slide near a small drop of normal saline. The head of 
the mosquito was severed, then gentle pressure was applied to the thorax near the base of 
the fore-legs. When the salivary glands emerged they were separated from any adjacent 
structures and placed in the saline. Sporozoites can be detected at low power on a 
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microscope; a Leica GZ6 dissecting microscope capable of 40x magnification was used 
for this purpose. 
Examining mosquitoes for oocysts requires the dissection of the mid-gut. This was 
performed by cutting through the middle of the thorax and discarding the anterior portion. 
The cuticle was then nicked on each side of the seventh and eighth abdominal segments. 
While holding the thorax with one needle, the other needle was used to gently pull away 
the lowest segments of the abdomen. The malphigian tubules and midgut emerged 
attached to the hindgut and rectum. The gut was broken or severed above the 
proventriculus, then the malphigian tubules, hindgut and ovaries were removed. A 
coverslip was then placed on the slide, and the midgut was studied under the microscope. 
An Olympus BH-2 compound microscope was used for this purpose. 
5.3 Results 
5.3.1 Mosquito Trapping Program 
Two hundred and fourteen of the two hundred and twenty-three mosquitoes trapped were 
Cu/ex pervigilans, a native mosquito closely related to C. quinquefasciatus. Only six 
Aedes subalbirostris and three Opifex fuscus were caught in these traps, so no analysis of 
the abundance of these species was performed. It is likely that more mosquitoes 
representing more species were present in the area, as I observed at least one mosquito 
successfully escaping a sticky trap even though all it's legs and one wing touched the 
surface of the trap at some stage. This suggests that the consistency of the trapping 
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(Service 1976). The results of the trapping program in relation to C. pervigilans are 
shown in Figure 5.1. 
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Only two female mosquitoes were caught, one C. pervigilans which was incidentally 
caught while sampling for larvae and one A. subalbirostris caught in a pan trap. This is 
somewhat surprising as female mosquitoes tend to be more active fliers than male 
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FIGURE 5.1: Monthly Levels of Activity Shown by Culex pervigilans 
Larval mosquitoes were collected from tire tracks on the track leading to Boulder Beach 
and from a floodwater pond. All larvae collected were Culex pervigilans, which are 
easily distinguished from the other genera of mosquito by the length of the siphon in 
comparison to the pecten and the number of subventral siphonal tufts (Figure 5.2). Pools 
near the high tide mark, the favoured breeding sites of 0. fuscus and A. australis (Belkin 
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1968), are almost non-existent in the immediate Boulder Beach area and no larvae were 
collected from the few pools on the beach. 
Using the net proved to be the most time-efficient method of catching mosquitoes. The 
only drawback was that all the mosquitoes caught were male Aedes subalbirostris (see 
Figure 5.3). As only female mosquitoes are blood feeders, male mosquitoes are 
incapable of transmitting malaria. 
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5 mm 
FIGURE 5.3: Adult Male Aedes subalbirostris Mosquito 
5.3.2 Mosquito Dissection 
As stated in the previous section, only two female mosquitoes were caught. Both were in 
poor condition, but sufficiently intact to identify and dissect for Plasmodium. No signs of 
these parasites were found, but no conclusions can be drawn from this due to the small 
sample size involved. 
5.4 Discussion 
The numbers and diversity of mosquitoes caught were surprisingly low. Only three 
species were identified, C. pervigilans, A. subalbirostris and 0. fuscus. Two other 
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5.4.1 Activity of C. pervigilans 
The activity cycle shown in Figure 5.1 is approximately what one would expect (Belkin 
1968). Although in some areas mosquitoes remain active throughout the year, they are 
often sensitive to cold weather. At the cooler edge of their range, some mosquitoes seek 
shelter after a blood meal and then hibernate over winter, while others overwinter as 
larvae (Kettle 1984). Hibernation of inseminated females is probably the most common 
method of surviving winter (Kettle 1984) and is the way most Cul ex species overwinter 
(Harwood & James 1979). The gap in activity (Figure 5 .1) indicates the time period 
when these mosquitoes were hibernating. 
The summer months definitely appear to represent the peak of the activity cycle. As 
larvae were collected at the beginning of November, it appears breeding begins in 
October. Females with sufficient food reserves may live up to four or five months, 
particularly under conditions of hibernation. However, during their period of greatest 
activity, female survival may average closer to two weeks (Harwood & James 1979). It 
is likely that the levels of activity shown to occur in C. pervigilans is fairly representative 
of other species in the peninsular area. The active period for 0. fuscus is more limited, 
with no adults caught after late April in Otago (Belkin 1968). Conversely, A. antipodeus 
is often known as the 'winter mosquito' because it usually breeds between March and 
October, although it is still active throughout the summer (Belkin 1968). 
5.4.2 Mosquito Trapping Techniques 
This study used techniques which although involving a relatively low level of 
technology, are still commonly used in order to collect insects (Service 1976). 
Unfortunately, there appears to be no trapping technique without some drawbacks. 
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Direct bait catches and indirect ones in which the host is enclosed in a trap, such as those 
used by Crosby ( 1978), often only catch females in search of a blood meal. Traps 
employing stimuli such as carbon dioxide or light also attract these same mosquitoes, and 
are often species-selective. Non-attractant traps provide less biased samples, but again 
only sample the aerial population, much of which will consist of females in search of a 
meal (Service 1976). 
Plasmodium-infected female mosquitoes in search of a blood meal are the vectors of 
avian malaria, so the bias inherent in these methods cannot be considered a real 
drawback. It can be difficult to isolate the vector of Plasmodium in the wild, as not all 
mosquito species are readily infected with Plasmodium (Garnham 1966; Huff 1965; Huff 
et al. 1959; Hunninen 1951). For this reason, a wider survey of the potential vector 
species present in the Boulder Beach area was deemed appropriate. 
Using bait to enhance trapping success was also considered, especially the use of dry ice 
as a source of carbon dioxide. However, this appears to be relatively ineffective for 
enhancing the catch of ornithophilic mosquito species (Gillies & Wilkes 1972), although 
the evidence for this is not clear-cut (Henderson et al. 1972). Light-traps were also 
considered, but light may repel some species of mosquito and these traps are ineffective 
at catching diurnal species (Service 1976). 
It is difficult to effectively sample the resting population, as many of the mosquitoes rest 
in inaccessible areas, such as animal burrows, cracks and crevices in the ground, or 
difficult to reach foliage (Service 1976). The big advantage of using a net is that it 
provides the opportunity to sample the resting population, and indeed some 90% of the 
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mosquitoes caught in this study were resting on foliage. Although sampling only 
occurred during daylight hours, the ability to capture resting mosquitoes may offset this 
disadvantage. 
The male bias observed in this study may be a result of the fact that 90% of the 
mosquitoes caught were resting on foliage rather than flying. Female mosquitoes are 
more active and more likely to be flying, so the high proportion of male mosquitoes 
caught may reflect the relative ineffectiveness of the sticky and pan traps used in this 
study. It is difficult to be certain whether the numbers of mosquitoes caught fairly reflect 
the relative abundance of the mosquito species present given that most of the mosquitoes 
caught were male. The few female mosquitoes caught also meant that it was impossible 
to determine which species may carry Plasmodium infections. The number of male 
mosquitoes caught may not reflect either the relative abundance of these species, or more 
importantly for this study the abundance of female mosquitoes. 
Advice I received suggested that malaise traps, sticky traps and pan traps were an 
effective way to measure insect population (B. Patrick, pers. comm.). As malaise traps 
can be unwieldy, I elected to use smaller traps which would allow me to sample several 
areas simultaneously, and to sample in confined spaces where a malaise trap is not 
practicable. 
Given the limited number of species and individuals caught in this study, these options 
could be pursued in the future. The options are endless, as factors such as the rate and 
timing of carbon dioxide emission, the colour of the trap, the effect of the noise of any 
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motor or power source used in the trap, and of course the location of the trap must be 
considered. 
5.4.3 Malaria Vectors on the Otago Peninsula 
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The mosquitoes of Otago are able to tolerate a wide variety of habitats. C. pervigilans 
has been recovered from an enormous variety of sites throughout the country, and is the 
most ubiquitous of New Zealand's mosquito species. A. australis and 0. fuscus are often 
found in highly saline environments, and larvae have been recovered from the same pools 
on the Otago Peninsula (Nye & McGregor 1964). These sites included penguin breeding 
areas such as Sandfly Bay and Pipikaretu Beach amongst others (Nye & McGregor 1964). 
These three species could be found in brackish, stagnant and even foul water and are 
occasionally found at very high population levels, with A. australis and 0. fuscus known 
to form swarms above pools where breeding occurs (Belkin 1968; Nye & McGregor 
1964). 
A. subalbirostris and A. antipodeus both breed in ground and stream pools, favouring 
shaded areas and clean water (Belkin 1968). These species are often found together, with 
A. subalbirostris usually the dominant species (Nye & McGregor 1964). Like the species 
already mentioned, these mosquitoes have also been recovered from areas where 
penguins are known to breed, but they are generally found at low population densities 
(Belkin 1968). 
The fact that A. subalbirostris and A. antipodeus are found at low population densities 
suggest that they would make poor vectors of avian malaria. These species are attracted 
to humans, and there is no record of them attacking other species (Belkin 1968). It is 
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possible that this reflects a lack of observations of these species feeding on other animals 
rather than a behavioural or biological limitation preventing them from doing so, as A. 
subalbirostris is indigenous to New Zealand which has only been inhabited by humans 
for the last millenium. 
Of the remaining three species mentioned, A. australis and Q. fuscus are also known to be 
attracted to humans, inflicting a painful bite (Miller & Phillips 1952). The other species, 
C. pervigilans feeds on birds and is a known vector of the Whataroa arbovirus, which 
affects birds in Westland. The other vector of the Whataroa virus is C. tonnoiri (Miles 
1973). This species favours native forest (Belkin 1968) and is a potential vector for avian 
malaria in Westland, but it is not found on the Otago Peninsula. 
C. pervigilans appears to be the most likely vector of avian malaria due to its known 
preference for feeding on birds, its wide distribution and the fact that is found in large, 
high density populations. It may not be the only vector species however. C. pervigilans 
has the ability to breed in a number of environments, even saline or polluted waters. This 
mosquito is common throughout the country, and is even a potential vector of avian 
malaria on the Auckland Islands. 0. fuscus is another potential vector of avian malaria in 
Yellow-Eyed Penguins as it is a coastal mosquito known to be found in the Otago 
Peninsula region, occasionally in large numbers. However, very few of these mosquitoes 
were found in this study, none of them female. 
Another important factor to be considered is how effective each species is at transmitting 
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that a given species is an effective vector. Experimental studies would have to be 
undertaken to determine this (Billingsley & Sinden 1997). 
5.4.4 Future Research 
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Unfortunately, I have been unable to determine the vector of Plasmodium on the Otago 
Peninsula. The three most likely candidates are C. pervigilans, 0. fuscus and A. 
subalbirostris. 
There is a great deal of scope for further research in this area. The vector of avian 
malaria in New Zealand has yet to be determined. Studies of mosquito biology and the 
development of avian malaria in the vector species should be undertaken . 
-r 
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Chapter Six: Conclusion 
6.1 Summary of Findings 
The aim of this thesis was to identify and evaluate the extent of the parasitological threats 
to the Yellow-Eyed Penguin. To achieve this, blood and faecal samples were taken from 
live birds, and a number of birds were dissected to examine the size and composition of 
the helminth fauna. These samples were processed using a variety of methods in order to 
maximise parasite detection. 
From this work, there is no clear evidence to suggest that parasites play a significant role 
in the biology of adult Yellow-Eyed Penguins under normal conditions. As stated in 
Chapter Two, twelve out of the sixty-five birds sampled showed Eimeria oocysts in their 
faeces, but only two birds showed significant numbers of oocysts. Even these birds 
showed no apparent signs of ill health, suggesting that Eimeria does not pose a 
measurable threat to adult Yellow-Eyed Penguins. Eimeria parasites are found in 
Yellow-Eyed Penguins from an early age (Ranum 1993; Ranum & Wharton 1996). 
The majority of birds dissected for parasites (Chapter Four) were parasitised by the 
nematode Contracaecum eudyptes and/or the acanthocephalan Corynosoma hannae. C. 
eudyptes can occur in large numbers within the Yellow-Eyed Penguin, and appears to be 
capable of causing local irritation or inflammation within the host. C. hannae is 
generally considered a parasite of pinnipeds, and no mature C. hannae have been 
recovered from Yellow-Eyed Penguins, suggesting an inability for infections to achieve 
patency. There was no evidence to suggest that these parasites directly cause significant 
harm to the Yellow-Eyed Penguin, although they can harm seals if present in large 
! 
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enough numbers (Ito et al. 1998). The fact that many of the effects caused by parasites 
are subtle and difficult to detect or measure means that parasites cannot be ignored as a 
factor influencing the survival and well-being of the Yellow-Eyed Penguin population. 
The moult represents the greatest risk period for the Yellow-Eyed Penguin in terms of 
ectoparasitic infection. During this time birds remain on land, exhibiting few signs of 
activity, and are greatly weakened by the state of enforced fast that occurs during the two 
or so weeks of the moult (Richdale 1957). These factors combine to provide the most 
favourable conditions for ectoparasitic infestation to occur and develop. 
Ectoparasites are very rarely found on Yellow-Eyed Penguins (Chapter Four), and to date 
the bird found in this study could be considered unique in the extent of its ectoparasitic 
infestation. 
One of the reasons this study was initiated was the ELISA study of avian malaria in New 
Zealand penguins (Graczyk et al. 1995b,c). These papers indicated that avian malaria 
was widespread and present at a high level of infection intensity. This study confirms the 
findings of Graczyk et al. (1995b,c) that Yellow-Eyed Penguins on Boulder Beach are 
highly seropositive to avian malaria (Chapter Three). However, I was unable to find 
evidence of avian malaria in any of the 189 blood smears taken from live birds (Chapter 
Two), or in the gross pathology of the twenty birds dissected (Chapter Four), although a 
Plasmodium-like parasite has been detected in the liver of a Yellow-Eyed Penguin (Alley 
2001). 
Given the positive ELISA results and the lack of parasites on blood smears, other 
approaches had to be taken to try and detect malarial parasites. Performing biopsies or 
,.1 
'} 
Chapter Six - Conclusion 128 
killing these rare birds to check for malaria is not a viable option, and any cadavers 
examined must be in good condition to be sure of the identification of any parasites 
present in the organs. Sampling the mosquito population in the area showed that 
potential vectors are present, but no malaria was found within the mosquito population in 
the Boulder Beach area, although only a small number of mosquitoes were examined 
(Chapter Five). 
The fact that these birds are highly seropositive for avian malaria while exhibiting no 
other evidence of infection leaves the issue of the threat of avian malaria somewhat 
unclear. There are a number of reasons this can occur, as discussed at length in section 
3.4.2. Avian malaria or a similar organism is certainly present in the Yellow-Eyed 
Penguin (Alley 2001; Fantham & Porter 1944), but the threat it represents is not as clear. 
Molecular techniques such as PCR provide another method that can be used to detect 
avian malaria in this population. PCR analysis indicated that these birds are infected with 
an apicomplexan parasite. Only Dr. Ricklefs was able to confirm the presence of avian 
malaria in the samples provided to him, but was not able to provide a species 
identification. Dr. Atkinson suggested that the parasite present was possibly 
Plasmodium, but certainly not Plasmodium relictum. It may be possible to fully 
determine the identity of this parasite, but such an effort could cost thousands of dollars, 
with no guarantee of success (C. Atkinson, S. Jarvi, pers. comm.). 
It is my opinion that parasitism alone does not represent a significant threat to adult 
Yellow-Eyed Penguins. They may represent an additional source of stress for their host, 
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such as a food shortage, parasitised hosts may be at greater risk than non-parasitised 
hosts. Perhaps the major threat to the penguin population in a situation such as this could 
be considered to be the food shortage, rather than the presence of parasites. 
6.2 A Wider View 
There are many examples of disease and parasites threatening rare and endangered 
species. The most famous case in birds would be the damage to the Hawaiian avifauna 
by the introduction of avian malaria, which has seen a number of endemic species 
exterminated, or nearly so (van Riper et al. 1986; Warner 1968). Although this case 
shows that introduced diseases are capable of having a significant impact on some 
species in the wild, especially na'ive species, this is the exception rather than the rule. 
The greatest disease threat occurs in captive situations. In captivity, animals are held in 
high-density, high-stress situations, often with an enhanced likelihood of cross-species 
transmission (Woodford & Rossiter 1993). Penguins provide an excellent illustration of 
the problems associated with disease in captive populations (Brossy 1992; Clarke & 
Knowles 1993; Cranfield eta!. 1991; Jones & Shellam 1999). The leading causes of 
death in captive penguins in the USA are the fungus Aspergillosis spp., and Plasmodium 
spp. (Cranfield et al. 1990, 1991). In the wild, avian malaria is rarely reported, and is 
even more rarely associated with significant pathology (Jones & Shellam 1999). 
Mathematical models suggest that microparasites such as Plasmodium spp. generally 
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low-density populations, where infected animals die before the disease spreads 
(Anderson 1979). Similarly, diseases detectable in a significant proportion of the 
population tend to be mild, and represent only a small threat to the host. The same 
patterns occur in relation to helminth infections, but the effects are less clear due to the 
occurrence of density dependent processes that occur within the host (Anderson 1980). 
This picture is complicated by the presence of reservoir hosts. Many pathogens are 
maintained in one or more reservoir species, in which they are relatively benign, but are 
able to affect other species where their effects are severe. In Hawaii, avian malaria is 
maintained in the introduced avifauna with little apparent effect, while the effects on the 
na"ive endemic bird species have been severe (van Riper et al. 1986). 
Endangered species are especially threatened by these pathogens, as their small 
populations are unlikely to sustain virulent diseases. This means that they tend to acquire 
these diseases after exposure to infected reservoir hosts, an event that is more likely to 
occur in captive situations. Because most members of the population have not previously 
been exposed to the pathogen they possess little immunity to it. In cases such as this, an 
epidemic is capable of infecting a large proportion of the population, causing a high level 
of mortality (Mccallum & Dobson 1995). 
A pulse of mortality within a population, coupled with high disease prevalence or mean 
parasite burden suggests that disease is affecting a population (Plowright 1988), but this 
is not always the case - just because a parasite is present it may not be the cause of 
mortality (Mccallum & Dobson 1995). I believe that this is the case in the large-scale 
deaths of Yellow-Eyed Penguins reported in the past decade (Gill & Darby 1993). 
f 
I 
Chapter Six - Conclusion 131 
Environmental change caused by global warming is a concern for conservationists 
throughout the world (Dobson & Mccallum 1997). It is likely that changes in the climate 
will facilitate the spread of organisms into new areas. This may see the establishment of 
new pest species, possibly including new disease and vector species. Even a more 
favourable climate for the species already in this country may see an increase in the 
degree of threat posed by some organisms, for example allowing an extended breeding 
season or reduced winter mortality. 
6.3 Recommendations and Further Study 
The results of this study, in combination with the earlier study on chicks (Ranum 1993; 
Ranum & Wharton 1996), suggest that helminth parasites do not represent a measurable 
threat to the Yellow-Eyed Penguin. Helminths appear to be common within the Boulder 
Beach penguin population, but the population appears to be generally healthy in spite of 
this. 
Blood samples should be taken from Yellow-Eyed Penguin chicks to determine whether 
avian malaria is present in the population, and if so to what extent. Ideally a combination 
of blood smears, ELISA tests and PCR should be performed to examine whether there are 
any differences in the disease profile between adults and chicks, for example in the 
prevalence of infection, the number of infected blood cells, or the effects on the host. 
Further molecular studies could be undertaken to determine the identity of the protozoan 
parasite detected in PCR tests. A positive identification of this parasite may clarify the 
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extent of the threat, if any, it poses to the Yellow-Eyed Penguin. From the current 
evidence available, this money is better spent on programs such as predator control and 
habitat protection. Even if the parasites are fully identified, there appears to be few 
practical benefits to be gained from this; treatment is effectively impossible in the wild, 
especially as infected birds show no apparent symptoms of illness. 
Another area of potential interest is the biology of the vectors responsible for transmitting 
this disease. This work should seek to demonstrate which mosquito species are 
responsible for spreading this disease, and to illustrate the linkages between the vector 
population and the spread of malaria. This might best be achieved using a laboratory 
study, rather than a field study. 
Linked to this work is the study of potential reservoir populations. The Yellow-Eyed 
Penguin population is relatively small, and it is entirely likely that mosquitoes in the area 
feed on more than one species of bird. These other bird species may help to maintain 
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Appendix One: Field Data and Faecal Samples 
Band Date Weight Faecal Oocysts/Gram 






15518 1/6/97 4.7 
14802 1/6/97 4.8 
13319 1/6/97 5.5 
14584 1/6/97 5.5 
15645 1/6/97 5.1 
12278 14/6/97 5.6 
14590 14/6/97 5.7 
13183 14/6/97 5.2 
., 11427 14/6/97 5.5 
12284 21/9/97 5.4 
12273 21/9/97 5.3 
)--
13963 21/9/97 4.6 
12366 21/9/97 5.7 
14587 21/9/97 4.9 
15519 12/10/97 5.1 1.173 
14324 16/11/97 4.8 
14328 23/11/97 4.8 
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Band Date Weight Faecal Oocysts/Gram 
No (k2) Wtfa) of Faeces 
13991 23/11/97 5 
15549 7/12/97 4.8 
13299 7/12/97 5.6 0.097 309.28 
14588 7/12/97 5.6 
T 15548 14/12/97 5.5 
13299 14/12/97 6.4 
6036 14/12/97 6 
14823 28/12/97 4.6 
14579 28/12/97 4.9 
14803 28/12/97 5.6 
14622 28/12/97 5.4 
14584 28/12/97 4.5 
> 
12461 11/1/98 5.7 
14308 11/1/98 5.3 
11699 13/1/98 6.4 
14823 13/1/98 4.5 
14966 13/1/98 5.2 
11424 25/1/98 6 
15078 25/1/98 5.2 0.002 
10847 25/1/98 5 0.01 
11984 25/1/98 5.7 
12270 28/1/98 5.2 
11425 28/1/98 4.5 
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Band Date Weight Faecal Oocysts/Gram 
No (k2) Wtfa) of Faeces 
14049 28/1/98 6.3 0.024 
12468 28/1/98 5.2 
i 
9872 28/1/98 6.1 
12669 1/2/98 5 
14483 1/2/98 5.6 
14586 1/2/98 6 
14616 1/2/98 5.4 0.017 
13951 1/2/98 5.8 0.037 
14483 11/2/98 5.8 
10100 11/2/98 6.25 0.017 
11135 11/2/98 5.7 
9872 11/2/98 5.9 
14587 11/2/98 5 
12493 18/2/98 5.6 0.052 
12366 18/2/98 6.6 
13958 18/2/98 8.1 
14588 18/2/98 6 0.059 
11699 18/2/98 5.9 
12273 18/2/98 5.5 
14328 25/2/98 7.25 0.09 
,>-
13963 25/2/98 4.3 0.011 
13976 25/2/98 5.3 0.732 32.79 
13991 25/2/98 5.5 0.214 
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Band Date Weight Faecal Oocysts/Gram 
No (k2) Wt fa) of Faeces 
12248 25/2/98 6.3 0.026 
12249 25/2/98 5.25 
13976 4/3/98 5.2 
14586 4/3/98 6.1 0.082 
13319 4/3/98 7.3 
12461 15/3/98 6.6 0.008 
14586 15/3/98 6.5 
12271 22/3/98 6.3 0.761 
13958 22/3/98 4.9 0.466 
l 
' 10847 12/4/98 5.3 1.009 
10214 12/4/98 5.4 0.026 
13285 26/4/98 4.5 0.007 
6036 26/4/98 5.6 0.012 
12248 26/4/98 5.5 0.094 
12284 26/4/98 5.3 0.61 
13180 10/5/98 4.9 0.013 
13958 10/5/98 5.6 0.035 
13057 10/5/98 4.8 0.349 
12468 10/5/98 5.3 0.628 
11699 7/6/98 5.8 0.03 
12278 7/6/98 5.9 1.045 
11135 7/6/98 5.8 0.016 
13135 7/6/98 5.3 0.75 
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Band Date Weight Faecal Oocysts/Gram 
No (k!.!) Wt(~) of Faeces 
13319 7/6/98 4.7 0.746 
13057 11/6/98 4.9 0.045 
10214 11/6/98 5.7 0.177 
6024 11/6/98 5.7 0.185 
10143 28/6/98 5.2 0.233 
13951 28/6/98 5.3 0.04 
12669 12/7/98 5.1 3.752 
13272 12/7/98 4.7 2.61 12.64 
14449 12/7/98 5.2 1.944 
l 11984 12/7/98 5 2.513 1169.92 
14547 26/7/98 4.8 
14309 9/8/98 5 0.446 
14622 9/8/98 4.7 
13991 9/8/98 5.4 0.21 
14449 9/8/98 5.3 0.162 
13183 9/8/98 5.8 
13300 25/8/98 6.3 0.499 
14588 25/8/98 6.5 2.4 
12468 25/8/98 5.2 
13057 25/8/98 5.6 
14483 13/9/98 6 0.034 
12278 13/9/98 5.5 
14339 3/11/98 4.4 0.02 
Appendix One-Field Data and Faecal Samples 180 
Band Date Weight Faecal Oocysts/Gram 
No (k2) Wt(2) of Faeces 
13319 3/11/98 4.7 
15983 10/11/98 4.2 
14483 10/11/98 5.6 0.55 
14616 10/11/98 5 0.789 
13991 10/11/98 5.7 0.87 
14586 10/11/98 5.8 0.079 
14819 10/11/98 4.8 0.013 
15074 17/11/98 4.6 
14848 17/11/98 5 0.012 
12284 24/11/98 5.5 0.403 
10143 24/11/98 6 0.047 
12273 24/11/98 5.9 2.756 
15819 2/12/98 4.6 
14339 2/12/98 5 0.057 
9872 2/12/98 5.7 0.013 
\ ' ,~._ 
14585 15/12/98 4.3 
12278 15/12/98 6.3 1.13 
14616 15/12/98 5.4 0.041 
' ) 
13180 15/12/98 5.6 0.136 
14848 15/12/98 5.5 16.796 
14339 15/12/98 4.4 
l 14449 15/12/98 5.2 0.206 
' > 
14585 5/1/99 5.7 0.455 
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Band Date Weight Faecal Oocysts/Gram 
No (kl!) Wt(g) of Faeces 
15549 5/1/99 5.6 2.695 
11421 5/1/99 6.1 0.134 
11428 5/1/99 5.7 
11421 13/1/99 5.8 0.696 
14848 13/1/99 5.5 5.212 
12248 13/1/99 6.3 7.63 
13183 13/1/99 6 12.428 
14616 13/1/99 5.1 0.522 
14587 13/1/99 5.3 1.868 
13963 20/1/99 5.3 4.773 
., 
14547 20/1/99 5.1 
2377 20/1/99 6 0.435 
14547 20/1/99 4.7 0.082 
10143 20/1/99 5.8 
14829 20/1/99 5.5 
14616 27/1/99 4.9 
14848 27/1/99 5.5 
10214 27/1/99 5.6 
·, 14588 27/1/99 6.4 
13183 27/1/99 5.3 
13272 9/2/99 7.4 
10143 9/2/99 5.9 0.018 
11984 9/2/99 5.5 0.26 
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Band Date Weight Faecal Oocysts/Gram 
No (kf!) Wt ff!) of Faeces 
12271 9/2/99 6.2 1.484 2.02 
15089 9/2/99 4.2 
6036 9/2/99 6 1.919 
13951 16/2/99 5.5 
·;,,l 2377 16/2/99 5.7 
10550 16/2/99 5.8 1.798 
14049 16/2/99 6 0.1 
> 6024 21/3/99 5.2 1.725 
14483 28/3/99 7.9 1.007 23.83 
13272 28/3/99 5.5 2.118 144.45 
10214 28/3/99 5.1 0.032 
12271 28/3/99 4.1 0.076 39.47 
12273 1/4/99 7.4 0.7 17.14 
6024 1/4/99 5.6 1.2 5 
9885 18/4/99 4.4 
12468 18/4/99 4.2 0.1 
15761 18/4/99 5.4 4.9 1506.12 
12461 18/4/99 5.2 1.2 
13963 25/4/99 4.9 0.1 
-\ 
9872 25/4/99 5.6 7.6 0.79 
:x > 6036 25/4/99 5.6 0.15 
14309 25/4/99 5.2 5.4 
11699 2/5/99 5.2 0.1 
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Band Date Weight Faecal Oocysts/Gram 
No (k2:) Wt '2) of Faeces 
10156 2/5/99 4.8 
14616 2/5/99 5.2 4 54.75 
14483 16/5/99 5.7 1 
., 
14588 16/5/99 5.7 0.7 30 
13272 16/5/99 5.9 0.1 
13300 16/5/99 2.6 ·, 
9872 29/5/99 5.5 
., 
,',..;:,. 
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Appendix Two: Data Used For Faecal Oocyst Statistics 
Band Year Sex First Year Eggs Laid Chicks Average Oocysts 
Number Breeder? Hatched Wt (kg) per gram 
6024 1998 M N 2 0 5.7 
6024 1999 M N 2 2 5.4 2.05 
6036 1999 F N 2 2 5.6 
9872 1998 M N 2 2 5.7 
y 9872 1999 M N 2 0 5.6 0.79 
10143 1998 M N 2 2 5.6 
10143 1999 M N 2 2 5.9 
10214 1998 F N 2 0 5.55 
10214 1999 F N 2 2 5.35 
10550 1999 F N 2 1 5.8 
10847 1998 F N 1 1 5.15 
11135 1998 M N 2 0 5.8 
11421 1999 F N 2 0 5.95 
11699 1998 M N 2 1 5.8 
11699 1999 M N 1 1 5.2 
11984 1998 F N 2 2 5 1169.92 
11984 1999 F N 2 2 5.5 
12248 1998 M N 2 2 5.9 
12248 1999 M N 2 0 6.3 
12271 1998 F N 0 0 6.3 
12271 1999 F N 2 2 5.15 3.85 
12273 1998 M N 2 1 5.9 
12273 1999 M N 2 1 7.4 17.14 
12278 1998 M N 1 1 6.1 
12284 1998 F N 1 1 5.4 
12461 1998 M N 0 0 6.6 
12461 1999 M N 2 2 5.2 
12468 1998 F N 1 1 5.3 
12468 1999 F N 2 2 4.2 
12493 1998 M N 2 2 5.6 
13057 1998 F N 2 2 4.85 
13180 1998 F y 2 1 5.25 
13272 1999 M N 2 2 5.7 137.96 
·, 13285 1998 F N 2 2 4.5 
13299 1997 M N 2 2 5.6 309.28 
> > 
13300 1998 M N 2 2 6.3 
13319 1998 F N 2 1 4.7 
13951 1998 M y 2 2 5.55 
13963 1999 F N 1 1 5.1 
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Band Year Sex First Year Eggs Laid Chicks Average Oocysts 
Number Breeder? Hatched Wt (kg) per gram 
14483 1999 M N 0 0 6.8 11.96 
14586 1998 M N 1 1 5.95 
14587 1999 F N 2 2 5.3 
14588 1998 M N 2 2 6.25 
14588 1999 M N 2 2 5.7 30 
14616 1998 F y 0 0 5.3 
14616 1999 F N 2 1 5.15 48.11 
Notes: 
(1) Age, sex and breeding data obtained from Yellow-Eyed Penguin Database maintained 
by Department of Conservation ( data presented in full in Appendix Five). 
(2) Oocysts per gram calculated on basis of pooled faecal samples for the year in 
question. 
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Appendix Three: Summary of ELISA Results 
Band Number Sample Date Ratio Ratio Sex (if Age 
(sample/Pos) (sample/Neg+3SD) known) 
BLANK NIA 0.437 0.945 
,.. ;, NEG. NIA 0.462 1.000 
CONTROL 
POS. NIA 1.000 2.164 
-; CONTROL 
2377 20/1199 1.342 3.356 F 16 
2377 16/2199 1.428 2.653 F 16 
6024 1116198 1.809 6.082 M 15+ 
6024 2113199 0.937 2.534 M 16+ 
6024 l/4199 1.079 3.260 M 16+ 
6036 14/12197 2.372 2.167 F 14+ 
6036 2614198 2.411 5.032 F 15+ 
6036 2514199 1.295 3.501 F 16+ 
9872 2811/98 0.864 1.180 M 11 
;. 9872 11/2198 1.691 4.076 M 11 
9872 2/12198 2.735 4.714 M 11 
9872 2514199 1.637 4.425 M 12 
9872 2915199 2.866 8.659 M 12 
,-1 9885 1814199 2.223 6.716 F 12 
10100 11/2198 1.193 3.461 M 10 
10143 2816198 1.354 3.650 M 10 
10143 24111198 1.136 2.841 M 10 
10143 2011199 2.032 5.610 M 11 
10143 912199 0.724 2.187 M 11 
10214 1214198 0.774 1.056 F 10 
10214 11/6198 1.378 4.904 F 10 
10214 2711/99 2.350 6.141 F 11 
10214 2813199 1.125 3.397 F 11 
10550 16/2199 1.528 4.614 F 11+ 
10847 25/1198 1.100 1.502 F 6 
10847 1214198 3.574 10.365 F 6 
11135 1112198 1.943 4.683 M 16+ 
:, 11135 716198 1.814 4.889 M 16+ 
11421 511/99 2.119 4.767 F 8+ 
11421 1311/99 1.392 3.481 F 8+ 
11424 2511/98 1.676 4.041 M 16+ 
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Band Number Sample Date Ratio Ratio Sex (if Age 
(sample/Pos) (sample/Neg+3SD) known) 
11425 28/1/98 0.914 1.248 F 16+ 
11427 14/6/97 0.669 1.322 M 15+ 
11428 5/1/99 1.828 3.599 F 17+ 
11699 13/1/98 0.965 2.798 M 5 
( '7 11699 28/2/98 1.541 4.469 M 5 
( 11699 7/6/98 3.226 8.693 M 5 
11699 2/5/99 1.098 2.040 M 6 
11984 25/1/98 3.254 6.793 F 5 
11984 12/7/98 2.837 7.645 F 5 
11984 9/2/99 1.546 2.873 F 6 
12248 25/2/98 1.442 3.477 M 6 
12248 26/4/98 2.165 4.520 M 6 
12248 13/1/99 1.413 3.304 M 7 
12270 28/1/98 1.789 5.187 M 5 
12271 22/3/98 2.545 8.557 F 5 
12271 9/2/99 1.366 3.693 F 6 
'r 12271 28/3/99 1.090 2.026 F 6 
12273 18/2/98 1.812 4.368 M 5 
12273 24/11/98 1.518 3.662 M 5 
12278 14/6/97 2.845 2.599 M 4 
12278 21/9/97 1.270 2.509 M 4 
12278 7/6/98 1.626 4.382 M 5 
12278 13/9/98 1.723 4.870 M 5 
-1 
12278 15/12/98 1.736 4.060 M 5 
12284 21/9/97 1.431 2.827 F 4 
12284 26/4/98 1.294 3.119 F 5 
12284 24/11/98 1.563 3.077 F 5 
12366 21/9/97 1.441 2.927 F 4 
12366 18/2/98 1.159 1.582 F 5 
12461 11/1/98 1.005 1.371 M 5 
12461 15/3/98 1.305 3.145 M 5 
12461 18/4/99 1.505 4.069 M 6 
12468 28/1/98 1.617 5.435 F 5 
12468 10/5/98 2.565 6.911 F 5 
I , 
12468 25/8/98 2.831 8.004 F 5 
12468 18/4/99 1.063 3.211 F 6 
12493 18/2/98 5.000 11.000 M 5+ 
12699 1/2/98 2.023 6.800 
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Band Number Sample Date Ratio Ratio Sex (if Age 
(sample/Pos) (sample/Neg+3SD) known) 
12699 12/7/98 2.262 6.095 
13057 10/5/98 2.864 9.629 F 6 
13057 11/6/98 1.660 5.908 F 6 
13057 25/8/98 4.857 13.730 F 6 
13135 7/6/98 1.368 3.687 M 6+ 
1 13180 10/5/98 2.699 7.274 F 4 
13180 15/12/98 3.471 6.834 F 4 
13183 14/6/97 1.825 1.667 M 5+ 
13183 9/8/98 1.373 4.885 M 6+ 
13183 13/1/99 1.240 2.442 M 7+ 
13183 27/1/99 2.550 7.705 M 7+ 
13272 12/7/98 2.087 5.625 M 6 
13272 28/3/99 1.766 4.773 M 7 
13272 16/5/99 1.935 5.847 M 7 
13285 26/4/98 2.085 5.026 F 6 
13299 7/12/97 3.114 2.845 M 6+ 
13299 14/12/97 2.618 2.391 M 6+ 
13300 25/8/98 1.142 4.064 M 16+ 
13319 1/6/97 2.458 2.245 F 5 
13319 4/3/98 2.225 7.481 F 6 
13319 7/6/98 2.301 7.736 F 6 
13319 3/11/98 1.972 5.215 F 6 
13951 1/2/98 1.081 1.475 M 4 
13951 28/6/98 1.760 6.263 M 4 
I 
1-, 
13951 16/2/99 1.702 5.142 M 5 
13958 18/2/98 5.001 10.439 M 4 
13958 22/3/98 1.419 4.115 M 4 
13958 10/5/98 2.314 8.234 M 4 
13963 20/1/99 2.339 6.544 F 5 
13968 26/4/97 1.232 2.588 
13976 25/2/98 2.196 4.583 F 4 
13976 4/3/98 1.321 1.803 F 4 
13991 25/2/98 1.939 4.047 M 4 
13991 9/8/98 2.066 7.351 M 4 
13991 10/11/98 2.349 6.212 M 4 
14049 26/4/97 1.162 2.441 2 
14049 28/1/98 1.726 5.006 3 
14049 16/2/99 1.764 5.329 4 
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Band Number Sample Date Ratio Ratio Sex (if Age 
(sample/Pos) (sample/Neg+3SD) known) 
14308 11/1/98 1.511 4.381 M 3 
14309 9/8/98 3.539 10.004 3 
14309 25/4/99 3.175 9.594 4 
14324 16/11/97 2.751 5.436 
14328 25/2/98 2.259 5.447 F 3 
7 14339 3/11/98 0.758 2.004 
14339 2/12/98 2.421 5.663 
14339 15/12/98 3.117 5.722 
14449 12/7/98 2.455 8.255 F 3 
14449 9/8/98 2.032 7.232 F 3 
14449 15/12/98 1.956 4.575 F 3 
14483 1/2/98 1.517 4.398 M 3 
14483 11/2/98 1.668 3.482 M 3 
14483 13/9/98 1.884 5.325 M 3 
14483 10/11/98 1.847 5.220 M 3 
14483 28/3/99 1.508 2.804 M 4 
14483 16/5/99 1.961 5.925 M 4 
14547 26/7/98 2.667 9.490 3 
14547 20/1/99 1.068 2.670 4 
14579 28/12/97 2.544 5.027 2 
14584 1/6/97 1.055 2.217 F 3+ 
'v 
14584 28/12/97 2.532 5.002 F 3+ 
14585 15/12/98 2.873 7.095 F 4+ 
•( 
14585 5/1/99 1.812 4.238 F 5+ 
14586 1/2/98 2.227 4.649 M 4+ 
14586 4/3/98 1.825 4.399 M 4+ 
14586 10/11/98 1.398 3.698 M 4+ 
14587 21/9/97 0.578 1.142 F 3+ 
14587 11/2/98 2.892 9.724 F 4+ 
14587 13/1/99 2.883 6.741 F 5+ 
14588 7/12/97 0.674 1.417 M 3+ 
14588 25/8/98 1.656 4.533 M 4+ 
., 14588 27/1/99 1.907 4.672 M 5+ 
14588 16/5/99 1.799 4.862 M 5+ 
14590 14/6/97 2.114 1.931 M 3+ 
14616 1/2/98 3.200 10.756 F 3 
14616 10/11/98 2.677 7.568 F 3 
14616 15/12/98 2.721 5.010 F 3 
;, 
1 
Appendix Three - Summary of ELISA Results 
Band Number Sample Date Ratio Ratio Sex (if 
(sample/Pos) (sample/Neg+3SD) known) 
14616 13/1/99 3.727 11.263 F 
14616 27/1/99 2.786 5.150 F 
14622 28/12/97 2.347 2.144 M 
14622 9/8/98 1.382 4.918 M 
14802 1/6/97 1.558 3.273 
14803 28/12/97 1.876 1.714 
14819 10/11/98 2.136 5.649 
14823 28/12/97 0.469 0.927 F 
14823 13/1/98 1.382 1.886 F 
14829 20/1/99 2.741 6.713 M 
14848 17/11/98 1.388 4.192 M 
14848 13/1/99 2.431 4.190 M 
14848 27/1/99 1.818 4.541 M 
14966 13/1/98 0.689 0.940 
15047 17/11/98 1.344 4.059 
15078 25/1/98 2.058 4.896 
15518 1/6/97 2.075 4.359 
15519 12/10/97 2.706 2.472 
15548 14/12/97 0.655 1.375 
15549 7/12/97 0.889 1.756 M 
15549 5/1/99 1.918 4.487 M 
15643 26/4/97 0.928 1.950 
15645 1/6/97 1.172 2.461 
15761 18/4/99 1.649 4.457 M 
15819 2/12/98 2.244 4.418 M 
15983 10/11/98 2.043 5.776 
Notes: 
(1) Age and sex data obtained from Yellow-Eyed Penguin Database maintained by 


























(2) Records for some birds could not be found (Band Nos. 12699, 13968, 14324, 14339, 
14966, 15047, 15078). 
(3) In some cases birds were banded as adults; age is therefore a minimum estimated age, 
signified by "+". These birds were not considered to have a known age for the 
purposes of analysis and were therefore not included in statistical tests. 
,UI,} Nematodes: 
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1309 10817 Female 
1598 12408 Male 
1600 14001 Female 
1602 10065 Male 
1603 Male 
1605 13910 Female 
1607 14645 Male 
1638 13498 Male 
1646 Male 
1647 13871 Male 






~ ~ V ~ :r '-1 '1 "-<' J 
Weight Oesophagus Proventriculus/ 
(kg) Stomach 
2.1 0 0 
2.8 0 0 
4.9 0 1 
6.7 0 0 
5.8 2 0 
4.7 0 0 
3.9 0 0 
4.5 0 0 
4.4 0 0 
4.9 0 0 
4.7 0 0 
4.2 J 0 3 
4.3 0 0 
2.9 0 0 
6.6 0 0 
4.4 0 0 
6.2 0 0 
4.6 0 0 
4.6 0 0 
3.9 0 0 
2 4 
,, .. JI.- V .;. 
- -, 
~v~ 'if ..,I--("...;. 
Duodenum Small Int. Large Int. Washings 
0 0 0 0 
0 0 0 0 
0 18 3 0 
0 0 0 0 
0 1 0 0 
0 0 0 0 
0 16 21 0 
0 0 0 0 
0 0 0 0 
0 1 0 0 
1 0 0 0 
3 20 11 0 
0 1 8 0 
0 0 0 0 
0 0 0 0 
0 2 13 0 
0 46 39 2 
0 5 4 0 
0 5 2 0 
0 1 17 0 
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Appendix Five: Yellow-Eyed Penguin Breeding Data 
Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
2377 F 14 1997 2 2 
;Y 13 1996 1 1 
12 1995 2 2 
11 1994 2 2 
10 1993 2 2 
9 1992 0 0 
'T 8 1991 2 2 
7 1990 1 1 
6024 M 16+ 1999 2 2 
15+ 1998 2 0 
14+ 1997 2 2 
7 13+ 1996 0 0 
12+ 1995 2 2 
11+ 1994 2 2 
10+ 1993 2 1 
9+ 1992 2 1 
8+ 1991 1 1 
> 7+ 1990 2 1 
2+ 1985 2 2 
6036 F 16+ 1999 2 2 
13+ 1996 2 0 
12+ 1995 2 2 
11+ 1994 2 2 
10+ 1993 1 1 
9+ 1992 1 1 
8+ 1991 2 2 
9872 M 12 1999 2 0 
11 1998 2 2 
10 1997 2 2 
9 1996 2 0 
8 1995 2 2 
} 7 1994 2 2 
6 1993 2 1 
5 1992 1 1 
9885 F 12 1999 2 2 
11 1998 2 1 
10 1997 2 1 
9 1996 2 0 
8 1995 2 1 
7 1994 2 2 
6 1993 2 1 
10100 M 10 1999 0 0 
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Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
9 1997 1 1 
8 1996 2 2 
6 1994 2 1 
5 1993 2 0 
:Y 3 1991 2 2 
10143 M 11 
7 
1999 2 2 
10 1998 2 2 
9 1997 2 1 
8 1996 2 2 
7 1995 2 0 
6 1994 2 2 
5 1993 1 0 
10214 F 11 1999 2 2 
10 1998 2 0 
9 1997 2 2 
8 1996 2 2 
7 1995 2 2 
6 1994 2 2 
5 1993 2 2 
4 1992 2 2 
3 1991 0 0 
10550 F 11+ 1999 2 1 
10+ 1998 2 1 
9+ 1997 0 0 
') 8+ 1996 0 0 
7+ 1995 2 2 
6+ 1994 2 1 
5+ 1993 0 0 
4+ 1992 1 1 
2+ 1990 1 0 
10847 F 7 1999 2 1 
6 1998 1 1 
4 1996 1 1 
3 1995 1 0 
11135 M 16+ 1998 2 0 
15+ 1997 1 1 
14+ 1996 2 2 
13+ 1995 2 2 
12+ 1994 2 2 
--,-
11+ 1993 2 2 
10+ 1992 2 1 
3+ 1985 1 0 
2+ 1984 0 0 
11421 F 8+ 1999 2 0 
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Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
6+ 1997 2 2 
5+ 1996 2 2 
4+ 1995 2 0 
3+ 1994 2 2 
2+ 1993 1 0 
'1 
11424 M 17+ 1999 2 0 
16+ 1998 2 2 
) 15+ 1997 2 2 
14+ 1996 1 1 
13+ 1995 2 2 
12+ 1994 2 2 
11+ 1993 2 2 
5+ 1987 0 0 
4+ 1986 2 2 
11425 F 7+ 1998 2 0 
6+ 1997 1 1 
4+ 1995 2 2 
). 3+ 1994 2 2 
11427 M 16+ 1998 2 0 
.;, 
15+ 1997 2 0 
14+ 1996 0 0 
11+ 1993 1 1 
10+ 1992 0 0 
9+ 1991 2 2 
3+ 1985 2 2 
2+ 1984 0 0 
11428 F 17+ 1999 2 1 
16+ 1998 2 2 
15+ 1997 2 2 
14+ 1996 2 2 
13+ 1995 0 0 
12+ 1994 2 2 
11+ 1993 1 1 
10+ 1992 2 2 
9+ 1991 1 1 
8+ 1990 1 1 
5+ 1987 0 0 
4+ 1986 0 0 
3+ 1985 2 2 
2+ 1984 1 1 
11699 M 6 1999 1 1 
5 1998 2 1 
4 1997 2 2 
3 1996 2 1 
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Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
11984 F 6 1999 2 2 
5 1998 2 2 
4 1997 2 1 
12248 M 7 1999 2 0 
6 1998 2 2? 
. 'r 5 1997 2 2 
4 1996 2 2 
-) 3 1995 1 1 
12270 M 3 1996 2 1 
12271 F 6 1999 2 2 
5 1998 0 0 
4 1997 2 0 
3 1996 1 1 
> 12273 M 6 1999 2 2 
5 1998 2 1 
4 1997 1 0 
3 1996 2 2 
12278 M 5 1998 1 1 
4 1997 2 1 
3 1996 2 2 
12284 F 6 1999 2 2 
5 1998 1? 1 
4 1997 1 1 
7 3 1996 2 2 
12366 F 6 1999 2 2 
5 1998 2 2 
4 1997 1 1 
3 1996 2 2 
12461 M 6 1999 2 2 
5 1998 0 0 
4 1997 2 0 
3 1996 1 1 
12468 F 6 1999 2 2 
5 1998 1 1 
4 1997 2 2 
3 1996 2 2 
12493 M 6+ 1999 2 2 
5+ 1998 2 2 
4+ 1997 1 1 
3+ 1996 2 2 
13057 F 7 1999 2 0 
6 1998 2 2 
5 1997 2 2 
4 1996 2 2 
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Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
3 1995 1 1 
13135 M 5+ 1997 2 2 
4+ 1996 2 1 
3+ 1995 2 2 
2+ 1994 1 1 
. )' 13180 F 4 1998 2 1 
13183 M 5+ 1997 1 1 
i 4+ 1996 2 2 
13272 M 7 1999 2 2 
r 5 1997 2 2 
4 1996 2 2 
3 1995 0 0 
13285 F 6 1998 2 2 
5 1997 2 2 
4 1996 2 2 
3 1995 0 0 
13299 M 8+ 1999 2 1 
7+ 1998 0 0 
6+ 1997 2 2 
5+ 1996 2 1 
4+ 1995 2 2 
3+ 1994 1 1 
13300 M 16+ 1998 2 2 
15+ 1997 2 2 
14+ 1996 2 2 
13+ 1995 0 0 
12+ 1994 2 2 
11+ 1993 1 1 
9+ 1991 2 2 
5+ 1987 0 0 
4+ 1986 1 0 
3+ 1985 2 ? 
13319 F 6 1998 2 1 
5 1997 1 0 
4 1996 2 2 
13951 M 5 1999 2 2 
,,. 
4 1998 2 2 
13958 M 3 1997 0 0 
13963 F 5 1999 1 1 
3 1997 1 1 
2 1996 2 0 
13968 
13976 F 3 1997 2 2 
Appendix Five - Yellow-Eyed Penguin Breeding Data 198 
Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 
Number known) Year Hatched 
13991 M 5 1999 2 0 
3 1997 2 2 
14049 3 1998 1 1 
14308 M 4 1999 2 2 
3 1998 2 1 
14309 4 1999 2 2 
14324 
14328 F 4 1999 2 0 
' 2 1997 0 0 
14339 
14449 F 4 1999 0 0 
14483 M 4 1999 0 0 
3 1998 2 2 
14547 3 1998 1 
14579 1 1996 1 1 
14584 F 4+ 1998 2 2 
2+ 1996 1 1 
)- 14585 F 4+ 1998 1 1 
3+ 1997 2 2 
14586 M 5+ 1999 2 2 
4+ 1998 1 1 
3+ 1997 2 2 
y 2+ 1996 2 2 
14587 F 5+ 1999 2 2 
3+ 1997 2 2 
2+ 1996 2 2 
14588 M 5+ 1999 2 2 
4+ 1998 2 2 
3+ 1997 2 2 
2+ 1996 2 2 
14590 M 3+ 1997 2 2 
14616 F 4 1999 2 1 
3 1998 0 0 
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Band Sex (if Age of Bird Breeding Eggs Chicks Fledged 










(1) Birds banded as adults have estimated ages only, signified by a"+". 
(2) No entry signifies data unknown or not in database. 
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Appendix Six: ANOV A Tables 
Chauter Two 
I C-
General Linear Model 
Analysis of Variance for Eggs Hatched 
Source DF Seq SS Adj SS Adj MS F p 
--1 
Weight 1 0.7976 1.0310 1.0310 2.80 0.103 
I ·1 Year 2 0.6232 0.4725 0.2362 0.64 0.532 
Infected 1 0.0074 0.0209 0.0209 0.06 0.813 
} Breeding 1 0.8334 0.7791 0.7791 2.11 0.154 
Sex 1 1.3705 0.0049 0.0049 0.01 0.909 
.), Sex*weight 1 0.0047 0.0009 0.0009 0.00 0.961 
' Infected *wt 1 0.1369 0.0276 0.0276 0.07 0.786 
Infected*sex 1 0.4211 0.4211 0.4211 1.14 0.292 
'• Error 37 13.6348 13.6348 0.3685 ,, 
Total 46 17.8298 
.. 
I C Covariates 
I ; Term Coeff Stdev t-value p I 
! .c.. Constant 3.786 1.224 3.09 0.004 I 
Weight -0.3774 0.2257 -1.67 0.103 
Weight*sex 0.0124 0.2510 0.05 0.961 
Wt*infected -0.0743 0.2717 -0.27 0.786 
/~ 
1: General Linear Model Analysis of Variance for Chicks Fledged 
Source DF Seq SS Adj SS Adj MS F p 
-~ Weight 1 1.6063 1.3592 1.3592 2.15 0.151 
Year 2 1.1170 0.7197 0.3599 0.57 0.570 .,_ 
Infected 1 0.1026 0.4739 0.4739 0.75 0.392 
~- Breeding 1 0.6291 0.7705 0.7705 1.22 0.276 
Sex 1 1.7986 0.0393 0.0393 0.06 0.804 
Sex*weight 1 0.7162 0.0508 0.0508 0.08 0.778 
Infected *wt 1 0.0097 0.5074 0.5074 0.80 0.376 
,._ Infected*sex 1 0.8954 0.8954 0.8954 1.42 0.241 
·" Error 37 23.3379 23.3379 0.6308 
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Covariates 
Term Coeff Stdev t-value p 
"- Constant 3.844 1.602 2.40 0.022 
Weight -0.4334 0.2952 -1.47 0.151 
? 
Weight*sex -0.0932 0.3284 -0.28 0.778 
Wt*infected -0.3189 0.3555 -0.90 0.376 
-i 
General Linear Model 
) Analysis of Variance for Eggs 
Source DF Seq SS Adj SS Adj MS F p 
Weight 1 0.7976 2.0270 2.0270 5.71 0.022 
Year 2 0.6232 0.3426 0.1713 0.48 0.621 
-,),- Infected 1 0.0074 0.0176 0.0176 0.05 0.825 
Breeding 1 0.8334 0.6796 0.6796 1.91 0.174 
Sex 1 1.3705 1.3705 1.3705 3.86 0.056 
I> 
Error 40 14.1976 14.1976 0.3549 
Total 46 17.8298 
~~ 
Covariates 
'r Term Coeff Stdev t-value p 
Constant 4.061 1.050 3.87 0.000 
Weight -0.4447 0.1861 -2.39 0.022 
·,,,,,, General Linear Model 
I" 
Analysis of Variance for Chicks 
Source DF Seq SS Adj SS Adj MS F p 
r Weight 1 1.6063 3.4258 3.4258 5.49 0.024 
Year 2 1.1170 0.3922 0.1961 0.31 0.732 
4-
Infected 1 0.1026 0.1017 0.1017 0.16 0.689 
Breeding 1 0.6291 0.4795 0.4795 0.77 0.386 
" Sex 1 1.7986 1.7986 1.7986 2.88 0.097 
;i.,. Error 40 24.9592 24.9592 0.6240 
Total 46 30.2128 
-... Covariates 
·~ Term Coeff Stdev t-value p 
,:,._ Constant 4.563 1.392 3.28 0.002 













Appendix Six-ANOVA Tables 
One-Way Analysis of Variance 
Analysis of Variance on Weight 
Source DF SS 
Infected 1 0.201 
Error 47 15.624 
















Notes: Year refers to the year breeding took place and a sample was taken, Infected refers 
to the presence of oocysts in the faeces, Breeding refers to whether this was believed to 
be the bird's first attempt to breed or not. 
Chapter Three 
General Linear Model 
Analysis of Variance for Absorbance Ratio 
Source DF Seq SS Adj SS 
Age 9 76.605 59.721 
Month 10 104.344 96.154 
Sex 1 19.050 20.032 
Month*sex 10 32.995 32.995 
Error 74 390.798 390.798 
Total 104 623.793 
General Linear Model 
Analysis of Variance for Absorbance Ratio 
Source DF Seq SS Adj SS 
Age 9 76.605 48.403 
Month 10 104.344 102.208 
Sex 1 19.050 19.050 
Error 84 423.793 423.793 
Total 104 623.793 
Means for Absorbance Ratios 
Sex Mean Stdev 
Female 5.312 0.4470 
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Chapter Four 
One-Way Analysis of Variance 
Analysis of Variance on Nematodes 
Source DF SS 
Sex 1 4142 
Error 18 46229 














Analysis of Variance on Acanthcephalans 
Source DF SS MS 
Sex 1 1353 1353 
Error 18 7183 399 














Analysis of Variance on Total Parasites 
Source DF ss MS 
Sex 1 10231 10231 
Error 18 43033 2391 
Total 19 53263 
Sex N Mean StDev 
Female 8 60.50 75.59 
Male 12 14.33 16.60 
MS 
4142 
2568 
F 
3.39 
F 
4.28 
F 
1.61 
p 
0.082 
p 
0.053 
p 
0.220 
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